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Abstract 
Background: Television (TV) viewing is consistently linked with chronic 
conditions, such as obesity and metabolic syndrome, in adolescents. However, 
associations with other sedentary behaviours, such as total sedentary time and bouts 
of sedentary time, are less clear. Given dietary intake is associated with TV viewing, 
dietary intake could partially explain why TV viewing is consistently related to 
cardiometabolic health outcomes.  
Aim: The overall aim of this thesis is to explore the role of dietary intake in the 
relationship between various sedentary behaviours and cardiometabolic risk markers 
in adolescents. To do this, four studies were conducted to specifically address four 
main objectives: Study 1) Examine the cross-sectional mediating role of dietary 
intake on the relationship between self-reported TV viewing, body mass index (BMI) 
and metabolic syndrome in U.S. adolescents; Study 2) Examine the cross-sectional 
mediating role of dietary intake on the relationship between total volume and bouts 
of sedentary time (accelerometry measured), BMI and metabolic syndrome in U.S. 
adolescents; Study 3) Examine the cross-sectional and prospective mediating effects 
of dietary intake on the relationship between self-reported TV viewing , total volume 
and bouts of sedentary time (accelerometry measured) and BMI in Australian 
adolescents; and Study 4) Examine the role of dietary intake (high-energy diet versus 
standard-energy diet) on the relationship between uninterrupted sitting, sitting with 
resistance-type activity breaks and postprandial glucose in apparently healthy 
Australian adolescents.   
Methods: For Studies 1, 2 and 3, mediation analyses were conducted to examine the 
role of various dietary mediators (e.g. total energy intake, fruit and vegetable intakes, 
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consumption and frequency of discretionary foods and sugar-sweetened beverages, 
and diet quality) on the relationship between different types of sedentary behaviours 
(e.g. TV viewing, total sedentary time and bouts of sedentary time) with BMI and 
metabolic syndrome. For study 4, participants completed a four-treatment cross-over 
pilot trial: 1) uninterrupted sitting and consumption of high-energy diet; 2) sitting 
with breaks and consumption of high-energy diet; 3) uninterrupted sitting and 
consumption of standard-energy diet; and 4) sitting with breaks and consumption of 
standard-energy diet. Linear mixed models were used to examine differences 
between postprandial glucose area under the curve (measured via a continuous 
glucose monitoring system) for each of the four conditions.  
Results: The findings from Study 1 showed sugar-sweetened beverage consumption 
and fruit and vegetable intake partially mediated the relationship between TV 
viewing and metabolic syndrome in adolescents by 8.7% and 4.1%, respectively. 
However, no significant mediation effects were observed for the relationship 
between TV viewing and BMI. In both Studies 2 and 3, none of the dietary variables 
examined mediated the relationship between total volume and bouts of sedentary 
time with BMI and metabolic syndrome, both cross-sectionally (Studies 2 and 3) and 
prospectively (Study 3). Lastly, findings from Study 4 showed, compared to the 
uninterrupted sitting conditions, interrupting sitting with resistance-type activity 
breaks had a significant effect on lowering postprandial glucose for both dietary 
conditions by ~ 36 mmol/L .  
Conclusions: TV viewing, but not total volume or bouts of sedentary time, was 
positively associated with BMI and metabolic syndrome. Although some partial 
mediation effects were observed for Study 1, the combined findings from the four 
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studies showed dietary intake did not play a major role in the associations between 
the various sedentary behaviours and cardiometabolic risk factors examined. Further 
observational and experimental research is needed that assesses dietary intake 
concurrently with sedentary behaviour in order to confirm the role that dietary intake 
plays in the sedentary behaviour and cardiometabolic health relationship.  
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SYNOPSIS 
An abundance of evidence consistently shows sedentary behaviour is associated with 
an increased risk of obesity, metabolic syndrome, type 2 diabetes and cardiovascular 
disease in the adult population. However, less is understood about the 
cardiometabolic health effects of sedentary behaviour in the paediatric population. 
While it appears there is a consistent link between television (TV) viewing and 
obesity in children and adolescents, associations between obesity and other sedentary 
behaviours such as total volume of sedentary time and bouts of sedentary time are 
less clear. Given these mixed findings, other lifestyle behaviours, such as dietary 
intake, may contribute to the differences in associations observed. While numerous 
studies have reported consistent links between TV viewing and dietary intake, little is 
known about the role of dietary intake in the relationship between sedentary 
behaviour and cardiometabolic health outcomes.  
Therefore, through a combination of literature reviews, secondary data analyses and 
original data collection, this multidisciplinary thesis-by-publication aims to improve 
our understanding of the role of dietary intake in the relationship between sedentary 
behaviour and cardiometabolic health outcomes in adolescents. It is important to note 
that, while the evidence in younger children (aged 5-12 years) is also unclear, 
adolescents aged 12-19 years have been specifically targeted for this thesis as various 
cardiometabolic risk markers are more likely to be established in this age group and 
track more strongly into adulthood as compared to younger children. This is partly 
due to the pubertal changes occurring during adolescence which can impact 
negatively on some cardiometabolic risk markers such as glucose and insulin. 
Furthermore, adolescence is also a time when major changes can occur in dietary 
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intake (e.g. an increase in energy-dense nutrient poor foods) and in sedentary 
behaviours (e.g. an increase in TV viewing time and decrease in physical activity). 
The layout of this thesis by publication is as follows. In Chapter One, an overview of 
the literature relating to sedentary behaviour, dietary intake and cardiometabolic 
health in adolescents is provided. Chapter Two then provides a comprehensive 
systematic review of the literature examining whether sedentary behaviour is related 
to cardiometabolic health, independent of dietary intake. Chapter Three outlines the 
aims, objectives and hypotheses of the thesis. Chapters Four and Five examine the 
cross-sectional mediating role of dietary intake in the associations between TV 
viewing and cardiometabolic markers, and total volume and bouts of sedentary time 
with cardiometabolic markers, respectively. Chapter Six examines both the cross-
sectional and prospective mediation effects of dietary intake on sedentary behaviour 
with body mass index (BMI). Chapter Seven uses an experimental design to examine 
the impact of uninterrupted sitting versus sitting with resistance-type activity breaks 
on adolescents’ postprandial glucose responses following consumption of different 
meals varying in energy. Finally, Chapter Eight discusses the implications of the 
findings from Chapters Four to Seven in relation to the current literature and 
provides recommendations for future research.  
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1 CHAPTER ONE: INTRODUCTION 
1.1 Cardiometabolic risk factors in adolescents 
Adolescents with chronic conditions, such as overweight and obesity, is a major 
public health concern in many Western countries.1 For this thesis, overweight is 
defined as a body mass index (BMI) between the 85th and 95th percentile for 
adolescents of the same age and sex, and obesity is defined as a BMI at or above the 
95th percentile for adolescents of the same age and sex.2 Currently, rates of 
overweight and obesity have stabilised in Australia3 and other Western countries 
such as the United States (U.S.),4 Canada,5 Germany,6 and the Netherlands.7 
However, globally, 22-24% of adolescents are overweight or obese, and 1 in 4 (27%) 
Australian adolescents are classified as overweight or obese3; thus overweight and 
obesity remains a major public health concern.8  
Metabolic syndrome, a collection of risk factors (e.g. elevated waist circumference, 
blood pressure, triglycerides and glucose and/or low HDL-cholesterol) that increase a 
person’s chance of developing type 2 diabetes and cardiovascular disease,9 is also a 
major public health concern.1 Although the diagnostic criteria for metabolic 
syndrome in adolescents varies widely by country (see Appendix A), it is estimated 
that approximately 5.6% of adolescents worldwide have metabolic syndrome, with 
higher prevalence reported in overweight (10.7%) and obese (30.2%) adolescents.10 
While no specific population-based prevalence of metabolic syndrome has been 
determined for Australian adolescents; findings from the Raine cohort (n = 1139, mean 
age 14 years) indicate that 28% of adolescents had a ‘high risk score’ for developing 
metabolic syndrome.11 Since obesity tracks into adulthood,12 and adolescents who 
have metabolic syndrome are at a higher risk of developing type 2 diabetes and 
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cardiovascular disease during adulthood,13 it is important to understand adolescent 
lifestyle risk factors to help inform effective interventions for the prevention of type 
2 diabetes and future cardiovascular disease. 
Lifestyle behaviours, such as physical inactivity and dietary intake, are well 
recognised risk factors for overweight and obesity14, and metabolic syndrome15 in 
adolescents. However, more recently, excessive sedentary behaviour – or too much 
sitting – has also emerged as a potential, independent risk factor for these chronic 
conditions.  
1.2 Sedentary behaviour in adolescents  
1.2.1 Introduction to sedentary behaviour 
Over the past decade the term ‘sedentary behaviour’ has been used interchangeably 
with ‘physical inactivity’.16 However, strong observational evidence in adults shows 
that engaging in sedentary behaviour and being inactive are separate risk factors for 
cardiometabolic disease.17, 18 Additionally, it is possible for individuals who are 
meeting physical activity guidelines to also engage in high amounts of sedentary 
behaviour.19, 20 As a result, standardised definitions have recently been proposed by 
the Sedentary Behaviour Research Network21 (an international organisation that 
specifically focuses on the health impact of sedentary behaviour). The term 
sedentary behaviour is defined as “any waking behaviours characterised by low 
energy expenditure (≤ 1.5 metabolic equivalents) while in a sitting or reclining 
posture” (Figure 1) and the term inactive or insufficiently active refers to those who 
do not meet physical activity guidelines. 
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Figure 1: Definition of sedentary behaviour according to energy expenditure 
in metabolic equivalents (http://www.sedentarybehaviour.org/)21 
 
There are also different nuances in the use of the term ‘sedentary’ depending on what 
aspect of sedentary behaviour is being assessed and how it is measured. For example, 
the term ‘sedentary behaviour’ is often used when the measure (usually via self-
report) is able to identify participation in specific types of sedentary behaviours, such 
as TV viewing, computer use or playing sedentary video games. The term ‘sedentary 
time’ is mostly used when overall time spent being sedentary is examined (e.g. by 
accelerometry), and ‘sitting time’ is mostly used when time spent sitting is 
specifically examined either by self-report (e.g. how many hours do you spend sitting 
at work?) or when measured via inclinometers. In addition, the term ‘sedentary 
bouts’ is used to describe a period of time where sedentary time is uninterrupted. 
There are a number of ways to examine ‘sedentary bouts’. These include examining 
the average time spent in a sedentary bout, which is referred to as ‘average sedentary 
bout duration’, or examining short sedentary bouts (e.g. 5-minutes) versus prolonged  
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sedentary bouts (e.g. ≥ 45-minutes). To ensure consistency, these sedentary terms 
will be used throughout the thesis.  
1.2.2 Assessing sedentary behaviour 
Various subjective (e.g. self-/proxy-report surveys, diaries) and objective (e.g. 
accelerometers, inclinometers, heart rate monitors, direct observations) methods are 
used to assess sedentary behaviour. When selecting a measure, key issues to be 
considered are the purpose or need, the validity and reliability, the appropriateness 
for use with specific populations, and the level of participant burden.22 The self-
/proxy-report survey, accelerometer and inclinometer are the most commonly used 
measures in recent studies,22 therefore, these measures will be briefly discussed in 
reference to the adolescent population, with a summary of the key strengths and 
limitations of each method outlined in Table 1.   
The self-/proxy-report survey is where the adolescent or their parent estimates the 
amount of time the adolescent spends in sedentary behaviours (e.g. how many hours 
do you [the adolescent], or your child watch TV?). Survey measures can provide rich 
data on different types of sedentary behaviours (TV viewing time, computer use, 
reading), whilst also providing an estimate of total sedentary time on a daily or 
weekly basis.23 The self-/proxy-report survey measures are typically inexpensive to 
administer, have low participant burden, and are simple to analyse.22 However, as 
with most subjective measures, self-reporting has a number of limitations. First of 
all, self-/proxy-report surveys often collect data on only a single sedentary behaviour, 
such as TV viewing (e.g. “during the last 7 days, how much time [in hours or 
minutes per day] did you spend watching TV on a weekday / weekend day?”). As no 
single sedentary behaviour is representative of an individual’s total sedentary time, 
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this can only provide an estimate of sedentary levels. Secondly, surveys are 
retrospective, thus making them more susceptible to recall and reporting biases.23 
Additionally, due to advanced technologies, new types of sedentary behaviours are 
emerging, such as multi-tasking with screen devices, which adds to the complexity of 
measuring how much time is spent in screen-based and other sedentary behaviours.24 
Thus, in order to accurately assess average sitting time, multiple sedentary 
behaviours across different domains (e.g. TV viewing, reading, socialising, 
motorised travel) and time spent in various screen-based activities should be 
examined.22  
Conversely, an accelerometer, a small electronic device commonly worn on the hip 
via a belt, provides an objective measure of total sedentary time and time spent in 
sedentary bouts.20 A hip-worn accelerometer records the volume, intensity and 
frequency of activity. The intensity is measured via the number of counts per minute 
(cpm), which can then be classified as either sedentary, light, moderate, or vigorous 
activity (e.g. the higher the cpm, the higher the intensity). Although the sedentary 
threshold has not been universally agreed upon, a threshold of 100 cpm has been 
consistently shown to have high sensitivity to assess sedentary time in an adolescent 
population.25 One of the main advantages of using a hip-worn accelerometer is their 
accuracy to distinguish sedentary time in terms of low energy expenditure, as well as 
to identify the average time spent in sedentary bouts.26 However, a key limitation of 
a hip-worn accelerometer is that they cannot determine posture (e.g. sitting versus 
standing still). This is due to the location of the device on the hip, making it difficult 
to capture postural changes and, consequently, periods of standing motionless may 
be misclassified as sitting. Accurately distinguishing between sitting and standing is 
important, as according to the Sedentary Behaviour Research Network definition,16 
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sedentary behaviour is when the person is in ‘a sitting position’ and it is this sitting 
position that is associated with adverse health outcomes.20 
 
Table 1: Strengths and limitations of a selection of common subjective and objective 
assessment methods of sedentary behaviour  
 Overview Strengths Limitations 
Self-/proxy-
report survey  
 
Adolescent (self) or 
their parent/guardian 
(proxy) estimates the 
amount of time they 
spend in sedentary 
behaviours 
 Provides rich data 
on different types 
of sedentary 
behaviours (TV 
viewing time, 
computer use, 
reading) 
 Inexpensive 
 Low participant 
burden 
 Simple to analyse 
 
 Susceptible to 
recall and 
reporting biases 
 Often only collects 
data on a single 
sedentary 
behaviour 
 Difficult to 
measure multi-
tasking screen-
based behaviours  
Hip-worn 
Accelerometer 
Small electronic 
device that records 
the volume, intensity 
and frequency of 
activity 
 Objective measure 
of average 
sedentary time 
based on low 
accelerometer 
counts below a 
specified threshold 
 Objective measure 
of bouts of 
sedentary time 
 
 Cannot distinguish 
between sitting 
versus standing 
still 
 Lacks context 
specific 
information on the 
types of sedentary 
behaviours 
 
Thigh-worn  
Inclinometer 
Small device worn 
on the front of the 
thigh that has the 
ability to detect 
postural changes e.g. 
sitting, lying or 
standing 
 Objective measure 
of sitting or lying 
time 
 Lacks context 
specific 
information on the 
types of sedentary 
behaviour 
 
Alternatively, an inclinometer, a small device commonly worn on the front of the 
thigh, has the ability to detect postural changes, such as whether someone is sitting, 
lying or standing.27 As such, thigh-worn inclinometers are becoming a more common 
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measure in studies involving youth to determine how much of their day is actually 
spent sitting. Although accelerometers and inclinometers provide an objective 
measure of sedentary and sitting time, they both lack information on the type of 
sedentary behaviour, such as watching TV or using the computer. This is important, 
as new evidence shows that various types of sedentary behaviours, such as TV 
viewing, may have different relationships with cardiometabolic health as opposed to 
other sedentary behaviours.28 Thus, researchers are strongly encouraged to use a 
combination of both objective and subjective measures (e.g. accelerometers and 
survey) to ensure accurate reporting of sedentary time whilst gathering information 
on the different types of sedentary behaviours in which participants have engaged.23 
This information can then be used to accurately report on the prevalence and trends 
of specific population groups engaging in sedentary behaviours. 
1.2.3 Sedentary behaviour recommendations and prevalence 
Currently, the Australian Physical Activity and Sedentary Behaviour guidelines 
recommend that children aged 5-17 years should limit their use of electronic media 
for entertainment to less than 2 hours per day and break up long periods of sitting as 
often as possible.29 These guidelines also emphasise the importance of sitting less, 
and encourage those already meeting the physical activity guidelines to still follow 
these recommendations for optimal health. These guidelines are similar to the 
recommendations from professional societies like the American Academy of 
Pediatrics Committee30 and the Canadian Society for Exercise Physiology,31 where it 
is recommended that children and adolescents engage in no more than 2 hours of 
screen time per day. 
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Despite these recommendations, less than one third of Australian youth aged 5-17 
years are meeting the screen time guidelines.32 This is similar to other developed 
countries, where 27% of U.S. adolescents aged 12-15 years33 and 49% of Canadian 
adolescents aged 12-18 years34 engage in more than 2 hours of screen time per day. 
Additionally, in Australia, adolescents both exceed the screen time recommendations 
and spend nearly half of their daily leisure time (approximately 4.6 to 6.6 hours/day) 
being sedentary.35 This is similar to findings from the International Children’s 
Accelerometry Database (n = 20,871 from the U.S., Brazil, Europe), which showed 
that youth aged 4-18 years on average spent 5.9 waking hours/day being sedentary.36  
As the majority of adolescents in many Western countries are exceeding the screen 
time recommendations and spending nearly half of their leisure time being sedentary, 
it is important to understand the adverse effects of too much sedentary behaviour has 
on cardiometabolic health. Thus, the next section will outline the various associations 
between sedentary behaviour and cardiometabolic risk markers in adolescents.  
1.2.4 Associations between sedentary behaviour and cardiometabolic health  
Television viewing and cardiometabolic health 
There is an abundance of epidemiological evidence to show a consistent and positive 
relationship between TV viewing and an increased risk of overweight and obesity 
among adolescents.28, 37, 38 In 2011, a systematic review on the relationship between 
sedentary behaviour and health indictors in youth aged 5-17 years reported 94 of 119 
(79%) cross-sectional studies observed positive associations between TV viewing 
and markers of adiposity.37 This systematic review was updated in early 2016 (with 
additional searches performed to find relevant new studies published after 2010) and 
found similar consistent findings, with 58 out of the 71 cross-sectional studies (82%) 
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published after 2010 reporting a positive association between TV viewing and 
overweight and obesity.28 Additionally, the intervention studies (n = 10) and 
longitudinal studies (n = 35) included in both systematic reviews revealed a dose-
response relationship; those who watched more TV were more likely to be 
overweight or obese.28, 37  
In contrast to the adiposity literature, few studies have found positive associations 
between TV viewing and other cardiometabolic markers in adolescents such as 
insulin, glucose, blood pressure, and cholesterol. For example, some studies have 
reported positive associations between TV viewing and fasting insulin, HOMA-IR,39 
insulin resistance,40 glucose,41 hypertension,42 and reduced HDL cholesterol41, 43 in 
adolescents, whilst other studies have reported either few or null findings with 
individual cardiometabolic markers.44, 45 There is also mixed evidence on 
associations between TV viewing and a combined cardiometabolic risk score or 
metabolic syndrome in adolescents. Whilst the earlier systematic review from 2011 
found that all eleven studies (two longitudinal, nine cross-sectional) that had assessed 
TV viewing found positive associations with an increased risk for metabolic 
syndrome or cardiovascular risk score,37 the updated systematic review reported 
mixed findings from the twelve new studies (two longitudinal, ten cross-sectional) 
included.28  
Sedentary time and cardiometabolic health 
Despite the consistent evidence between TV viewing and overweight and obesity, 
total volume of sedentary time appears to be inconsistently associated with markers 
of adiposity in the adolescent population. The updated systematic review reported 
that only three out of nine longitudinal studies and 3 out of 18 cross-sectional studies 
found significant positive associations between accelerometer-measured total volume 
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of sedentary time and overweight and obesity.28 However, when examining 
sedentary bouts with markers of adiposity, more consistent associations have been 
observed. Some cross-sectional studies, but not all,44 have found that the number of 
sedentary bouts lasting > 10 minutes was positively associated with BMI46 and 
breaking up sedentary time was associated with a lower waist circumference.26  
When examining other cardiometabolic health outcomes such as metabolic syndrome 
and individual cardiometabolic risk markers, few studies have reported significant 
associations with total volume of sedentary time and bouts of sedentary time. For 
example, the 2016 systematic review reported that only one of four studies found 
positive associations between total volume of sedentary time and metabolic 
syndrome.28 Similarly, when examining individual cardiometabolic risk markers, the 
2016 systematic review reported that only one of six studies found a significant 
inverse association between total volume of sedentary time and HDL cholesterol. 
Whereas, other studies consistently reported null associations between total volume 
and bouts of sedentary time with blood pressure, insulin and glucose.28  
In summary, depending on the type of sedentary behaviour being examined, there 
appears to be mixed associations between sedentary behaviour and cardiometabolic 
risk markers in the adolescent population. For example, specific sedentary 
behaviours, like TV viewing, appear to be consistently and positively related to 
markers of adiposity and some cardiometabolic risk markers; whereas very few 
studies have found significant associations between total volume and bouts of 
sedentary time and markers of cardiometabolic health. Given these differences, 
section 1.2.4 will explore the potential behavioural mechanisms that may explain 
why stronger associations are often observed for TV viewing and cardiometabolic 
health compared to total volume or bouts of sedentary time. However, before the 
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behavioural mechanisms are explored, it is important to firstly understand the 
physiological mechanisms that have been proposed that could explain why sedentary 
behaviour is linked with adverse health.  
1.2.5 Physiological mechanisms of sedentary behaviour and cardiometabolic 
health 
There are two key physiological mechanisms proposed to explain the adverse health 
associations related to sedentary behaviour. The first proposed mechanism relates to 
the physiology of muscle contractile activity. For example, uninterrupted sitting 
leads to a reduction in muscle contractile activity (particularly of the lower limbs) 
which is associated with reduced blood flow and reduced efficiency of many of the 
body’s regulatory processes, including the transport of blood glucose from 
circulation into the muscle.17 High amounts of glucose in the blood (e.g. ≥ 
5.6mmol/L) is detrimental to health as it causes long-term damage to the blood 
vessels that supply vital organs. Thus, high blood glucose is a well-known risk factor 
for cardiometabolic diseases such as obesity and type 2 diabetes.9 The second 
physiological mechanism proposed is that engaging in sedentary behaviour may 
simply reduce the overall metabolic rate,47 and thus contribute to weight gain and 
consequent cardiometabolic disease. 
On the other hand, breaking up prolonged periods of sedentary time has been shown 
to have beneficial outcomes on cardiometabolic risk markers in the adult population, 
including reduced waist circumference, BMI, triglycerides, postprandial glucose,48 
insulin levels,49 and C-peptide levels.50 Similar findings have also been observed in 
adults with type 2 diabetes,51 young adults (aged 18-24 years),50 and recently in 
children (aged 7-11 years).52 The suggested mechanisms underlying these findings 
Chapter One: Introduction 
 
13 | P a g e  
 
are thought to be due to the opposite of those described above; that is, an increase in 
skeletal muscle contractions which facilitates glucose uptake, or frequent breaks in 
sitting time contributing to a higher total energy expenditure and prevention of 
weight gain.48  
1.2.6 Behavioural mechanisms of sedentary behaviour and cardiometabolic 
health  
Three key behavioural mechanisms have been proposed to explain why TV viewing, 
but not total volume of sedentary time, is consistently linked with cardiometabolic 
health: 1) the adverse biological effects of the TV screen itself;53-55 2) the physical 
activity displacement hypothesis;56, 57 and 3) an increase in dietary intake.58 Although 
further research is required, the biological effects of the TV screen itself (e.g. the 
blue light emitted from the TV screen) is thought to suppress the release of melatonin 
and reduce sleep quality at night53, 54. Insufficient sleep can then increase the risk of 
overweight and obesity55, as well as impact negatively on certain cardiometabolic 
risk markers such as blood pressure and insulin.54  
Secondly, some evidence suggests that time spent watching TV displaces overall 
physical activity, leading to a reduced energy expenditure and, thus, an increased risk 
of adverse cardiometabolic health.56, 57 However, in a recent meta-analyses involving 
163 studies on associations between sedentary behaviour and physical activity in 
children and adolescents, only a small, negative association between TV viewing and 
physical activity (r = -0.06, 95% CI -0.08 to -0.05) was found.59 Although the 
direction of the association supports the displacement hypothesis, the small effect 
size implies that TV viewing and physical activity are not strongly related, and that 
these behaviours may co-exist.  
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The third potential behavioural mechanism that could explain why stronger 
associations are observed for TV viewing and cardiometabolic health is through 
changes in dietary intake or the displacement of healthy eating behaviours. This is 
thought to be due to TV viewing being consistently linked with a high consumption 
of discretionary foods and sugar-sweetened beverages, and a low consumption of 
fruit and vegetables;58 behaviours that contribute to weight gain and to other adverse 
cardiometabolic outcomes. However, when specifically exploring the mediation 
effects of dietary intake on the association between TV viewing and cardiometabolic 
health, the evidence is mixed. Studies in pre-school age children60 and adults61 have 
reported that the association between TV viewing and obesity was partially mediated 
by the consumption of food and beverages, whilst another study in adolescents have 
reported no mediating effects.62  
Therefore, although TV viewing has been consistently linked with unhealthy dietary 
intake, the role of dietary intake in the TV viewing and cardiometabolic health 
relationship is unclear. Furthermore, it is also unclear whether dietary intake could 
also explain the mixed findings observed between other types of sedentary 
behaviours and cardiometabolic health outcomes. For example, it is possible that the 
mixed findings observed between total volume and bouts of sedentary time with 
cardiometabolic health may be due to some studies controlling for dietary intake in 
the analyses whilst other studies do not. Before these issues can be explored, it is 
important to provide an overview of concepts related to dietary intake that are 
relevant to this thesis.  
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1.3 Dietary intake in adolescents  
1.3.1 Introduction to dietary intake  
Dietary intake is a multifaceted lifestyle behaviour. For this thesis, ‘dietary intake’ 
will be used as the umbrella term to define all food and beverages consumed. 
However, the term ‘dietary intake’ can also refer to ‘nutrient intakes’, ‘meal patterns’ 
and ‘dietary patterns’. Given the large scope of the dietary literature in adolescents, 
this thesis will primarily focus on the ‘foods and beverages consumed’, with 
particular emphases on the foods and beverages related to either sedentary behaviour 
or cardiometabolic risk markers.  
1.3.2 Assessing dietary intake  
Assessing dietary intake is complex. Currently, there is no one method that can 
accurately measure all of the different foods and beverages an individual consumes, 
and the various combinations and patterns in which foods are consumed. There are 
various methods of recording dietary intake in adolescents, with the most common 
being the 24-hour dietary recall (interviewer-administered), food frequency 
questionnaire and food record.63 These methods can be completed by adolescents or 
via proxy report (e.g. parent or guardian completes it on behalf of their child). As a 
guideline, it is recommended that proxy reports are used for children younger than 12 
years of age, due to children’s lower literacy levels and limited cognitive abilities to 
recall their own dietary intake.64 As the 24-hour dietary recall, food frequency 
questionnaire and food record are the most commonly used in adolescent studies, 
these methods will be briefly discussed, with an overview of the strengths and 
limitations of each method provided in Table 2.  
 
Chapter One: Introduction 
 
16 | P a g e  
 
Table 2: Strengths and limitations of a selection of common assessment 
methods of dietary intake 
 Overview Strengths Limitations 
24-hour 
dietary recall 
(Interviewer-
administered) 
 
Interviewer asks 
participant to list 
all foods and 
beverages 
consumed on the 
previous day. 
 Considered the ‘gold-
standard’ measure 
 Measures the quantity 
of food and beverages 
consumed  
 Open-ended questions 
allows comprehensive 
and detailed report of 
the preparation and 
cooking methods used 
 Detailed information 
can be captured (e.g. 
time of day, source of 
food and portion 
sizes) 
 Individuals cannot 
change their eating 
behaviour  
 
 Multiple days 
required to 
capture usual 
intake 
 Susceptible to 
social 
desirability bias  
 Susceptible to 
recall error  
 
Food 
frequency 
questionnaire  
Captures 
retrospective 
dietary intake by 
participant 
completing a 
questionnaire 
 Provides information 
on the usual 
consumption of foods 
and beverages over a 
longer time period 
(e.g. over the last 
month or year) 
 
 Susceptible to 
social 
desirability bias  
 Susceptible to 
recall error  
Food 
record/diary 
Participant records 
all foods and 
beverages 
consumed at the 
time of 
consumption over 
a specified period 
 Measures the quantity 
of food and beverages 
consumed 
 High participant 
burden 
 Individuals can 
change their 
eating behaviour 
 Susceptible to 
social 
desirability bias  
 
The 24-hour dietary recall is considered to be the ‘gold-standard’ measure and 
involves the participant listing what foods and beverages they consumed on the 
previous day. Traditionally, the participant completes the 24-hour dietary recall with 
an interviewer, however, automated 24-hour recalls have recently been established in 
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Australia65 and the U.S.66 where participants completes the 24-hour dietary recall 
online. Overall strengths of the interviewer-administered 24-hour dietary recall 
include assessing the quantity of food and beverages consumed, detailing the 
preparation and cooking methods used as well as information about the time of day 
the food/beverage was consumed and portion sizes. Further, individuals cannot 
change their eating behaviour; a common problem often reported when using food 
records due to individuals recording their food at the time of consumption.63 
However, a major limitation of the 24-hour dietary recall is that multiple days of 
recall are required to get an accurate reflection of usual intake. Additionally, social 
desirability bias is common whereby individuals may intentionally underreport foods 
and beverages consumed. Alternatively, individuals may unintentionally forget 
certain foods and beverages or inaccurately report portion sizes consumed.63  
An alternative dietary assessment method that also captures retrospective dietary 
intake is a food frequency questionnaire. These questionnaires are often standardised 
and provide information on the usual consumption of foods and beverages consumed 
over a longer time period (e.g. over the last month or year).67 Some food frequency 
questionnaires also report on serving sizes, however, similarly to the 24-hour dietary 
recall, self-reported serving sizes are susceptible to inaccurate reporting. Another 
limitation of a food frequency questionnaire is that individuals can misrepresent the 
frequency with which foods and beverages are consumed.63  
Food records, also known as food diaries, provide another way to collect dietary 
intake data. However, unlike the 24-hour dietary recall and food frequency 
questionnaire, the foods and beverages consumed are generally recorded at the time 
of consumption over a specified period.68 It is suggested that three days is a sufficient 
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period of time to estimate regular food intake without being too labour intensive for 
the participant.68 Food records can also include weighing foods and beverages. 
However, this adds to the high participant burden, and consequently may lead to 
participants changing their diet so it is easier to record. An alternative is using 
household measures to determine food and beverage volumes and/or taking photos of 
foods, beverages or meals before consuming them.68 Taking photos is a relatively 
new method aimed at reducing participant burden, however, further research is 
required to fully understand if this is the case. 
1.3.3 Dietary recommendations and intake prevalence  
The Australian Dietary Guidelines released in 2013 provides up-to-date 
recommendations about the amount and types of foods children and adults should eat 
for optimal health and wellbeing.69 Similar to previous guidelines, the dietary 
guidelines for adolescents aged 12-18 years are divided into two categories: foods to 
eat every day and foods to limit. Foods to eat everyday include a wide variety of 
nutritious foods from the five food groups: 1) vegetables and legumes; 2) fruit; 3) 
wholegrain foods such as breads, rice and oats; 4) lean meats such as red meat, 
poultry and fish and/or their alternatives such as eggs, nuts and seeds; and 5) dairy 
foods such as milk, yoghurt, cheese and/or their alternatives. For information on the 
specific recommended serves and serving sizes for Australian adolescents according 
to age and gender, please see Table 3.  
Foods to limit are referred to as ‘discretionary foods’ as they are not an essential part 
of the diet. These foods often contain high levels of saturated fat, added salt and 
added sugars. Examples of discretionary foods with high levels of saturated fat and 
added salt include biscuits, cakes, pastries, pies, processed meats, commercial 
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Table 3: Recommended serving sizes for Australian adolescents aged 12 to 18 
years according to the Australian Dietary Guidelines 201369 
 Serves per day Examples 
of serving sizes 12-13 years 
14-18 
years 
 Vegetables & legumes 
      Boys 
      Girls 
 
5.5 
5 
 
5.5 
5 
 
½ cup of vegetables, 1 medium 
potato, 1 cup of salad 
 Fruit 
      Boys 
      Girls 
 
2 
2 
 
2 
2 
 
1 apple, 1 banana, 2 small  
Apricots 
 Grain foods 
      Boys 
      Girls 
 
6 
5 
 
7 
7 
 
1 slice bread, ½ cup rice, 
 ½ cup cooked pasta 
 Lean meats/alternatives 
      Boys 
      Girls 
 
2.5 
2.5 
 
2.5 
2.5 
 
80g chicken, 1 tin of tuna,  
2 eggs 
 Dairy/alternatives 
      Boys 
      Girls 
 
3.5 
3.5 
 
3.5 
3.5 
 
1 cup milk, 2 slices cheese,  
¾ cup yoghurt 
 
burgers, pizza, fried foods, potato chips, crisps, and other savoury snacks. Foods and 
drinks containing added sugars include confectionary, sugar-sweetened soft drinks 
and cordials, fruit drinks, vitamin waters and energy and sport drinks.69  
When dietary intakes are compared with the Guidelines, adolescents in Australia 
have one of the worst diets among the Australian population.70 Results from the 
2011-2013 Australian Health Survey found only 5% of adolescents consumed 
enough fruit and vegetables and over 50% of adolescents consumed sugar-sweetened 
beverages on the day the survey was completed.70 Similar results are also observed in 
the U.S. and Europe, where it is reported that adolescents are consuming more sugar-
sweetened beverages and fast food than any other age group.71, 72 These results are 
concerning, as a diet low in vegetables and fruits and high in discretionary foods and 
sugar-sweetened beverages, increases the risk of developing chronic conditions such 
as obesity, type 2 diabetes and cardiovascular diseases during adulthood.73, 74 
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1.3.4 Associations between dietary intake and cardiometabolic health 
Previous evidence in adults has consistently found that an energy-dense diet that is 
low in fruits, vegetables and dietary fibre is associated with an increased risk of 
obesity, type 2 diabetes and cardiovascular disease.73, 74 However, less is understood 
about associations between various dietary elements and cardiometabolic health risk 
markers in adolescents. High intakes of discretionary foods (e.g. salty snacks, sweets 
and desserts)75 and sugar-sweetened beverages,76-79 and low intakes of fruit and 
vegetables80 have been associated with an increased risk of obesity. However, there 
is very little evidence available specifically in adolescents examining the associations 
between dietary intake with other cardiometabolic risk markers such as glucose, 
insulin and blood pressure or with other chronic conditions such as metabolic 
syndrome.  
Of the available evidence examining individual cardiometabolic risk markers, cross-
sectional studies have found associations with fruit and vegetable intake and sugar-
sweetened beverage consumption. For example, a cross-sectional study in Mexican 
youth aged 9-13 years found associations between low fruit and vegetable intake and 
high sugar-sweetened beverage consumption with increased plasma glucose and 
diastolic blood pressure.81 Similarly, cross-sectional studies in Australian adolescents 
have found a diet high in fruit, salad, cereals and fish was inversely associated with 
diastolic blood pressure,82 and a diet high in vegetarian foods was associated with 
favourable waist circumference, total cholesterol/HDL ratio and LDL cholesterol.76  
As opposed to individual foods or beverages, research on the overall quality of the 
diet has yielded relatively consistent findings with respect to metabolic syndrome in 
adolescents. Data from the 1999-2002 National Health and Nutrition Examination 
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Survey (NHANES) adolescent cohort (aged 12-19 years) showed that a higher 
overall Healthy Eating Index (HEI) score and fruit score (a component of the HEI) 
were associated with a lower prevalence of metabolic syndrome, even after adjusting 
for BMI and physical activity intensity.83 In addition, results from 1139 Australian 
adolescents (aged 14 years) participating in The Raine Study reported a ‘Western 
diet’ consisting of a high intake of takeaway foods, refined grains, confectionary and 
soft drinks was associated with greater odds for metabolic syndrome (OR = 2.50; 
95% CI 1.05 to 5.98) in girls, but not in boys.11 These cross-sectional findings 
suggest that the overall quality of the diet may also be important for optimal 
cardiometabolic health. Therefore, in addition to the thesis examining ‘food and 
beverage intakes’, overall dietary quality will also be explored.  
As previously proposed, dietary intake may also play an important role in the link 
between sedentary behaviour and cardiometabolic health. As such, the next section 
will explore the associations between dietary intake with various ‘types’ of sedentary 
behaviour (i.e. TV viewing, total sedentary time, bouts of sedentary time, and 
prolonged sedentary time), specifically in the adolescent population.  
1.3.5 Associations between sedentary behaviour and dietary intake 
Screen time and dietary intake 
There is an abundance of evidence on the associations between TV viewing and 
elements of a less healthy diet in adolescents58, 84. In a review by Pearson et al.,58 of 
43 studies examining the associations between sedentary behaviour and dietary 
intake in children and adolescents, TV viewing was consistently found to have 
positive associations with total energy intake, the consumption of discretionary 
foods, sugar-sweetened beverages, and fast food, and inverse associations with fruit 
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and vegetable consumption. Similarly, a large Australian cross-sectional study (n = 
18,486) found that secondary students (aged 12-17 years) who watched TV ≥ 3 h/day 
were more likely to consume fast food meals, discretionary foods and sugar-
sweetened beverages when compared with students who watched TV ≤ 2 hours/day; 
even after controlling for physical activity, socioeconomic status and other 
demographic variables.85 Further, data collected from a large cross-national study 
involving Central and Eastern European countries86 and data collected from large 
national studies from the U.S.87, 88 and Canada88 also found that adolescents who 
watched more TV86, 87 or had a TV in the bedroom88 were more likely to consume 
fast food, sweets and soft drinks on a daily basis, and less likely to consume fruit and 
vegetables.  
Experimental studies in adolescents examining food consumption while engaging in 
screen-based behaviours (e.g. TV viewing, video game playing, and computer use) 
have also found consistent associations with adolescents’ energy intake.89, 90 For 
example, in a randomised, cross-over study by Chaput et al.,89 22 healthy male 
adolescents (aged 15-19 years) underwent two 1-hour experimental conditions (video 
game playing and sitting only), followed by an ad libitum lunch and questionnaire on 
appetite. After a single session of video game playing, adolescent males increased 
their food intake by 335 kilojoules, regardless of their perceived appetite. Further, in 
another controlled experimental study by Epstein et al.,90 16 healthy adolescents 
(aged 12-16 years) either increased their screen-based sedentary behaviours (i.e. TV 
viewing, video game playing and computer use) by 25-50% over a 3-week period or 
decreased their sedentary behaviours by 25-50% over a 3-week period. Findings 
showed that when screen-based sedentary behaviours were decreased by 100 
min/day, total energy intake and fat intake also decreased by 17% and 32%, 
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respectively, with no significant changes in energy intake when sedentary behaviours 
were increased. The authors suggested that the reduction in fat intake may be due to 
the participants decreasing their consumption of high-fat snack foods, which are 
often consumed while watching TV or during other sedentary behaviours.  
Sedentary time and dietary intake 
In contrast to the literature on screen-based behaviours and dietary intake, 
associations between total volume of sedentary time or bouts of sedentary time and 
dietary intake in adolescents have been less frequently studied. In fact, no 
observational study to date has examined associations between accelerometry-
measured overall sedentary time or bouts of sedentary time and dietary intake 
specifically in adolescents. However, there is some evidence available in younger 
children. For example, in a cross-sectional study examining the differences between 
TV viewing and total volume of sedentary time with dietary intake in Canadian 
children (aged 9-11 years),91 the authors found that TV viewing was strongly 
associated with a number of unhealthy dietary behaviours, such as the consumption 
of sweets, pastries, potato chips, fried foods, fast foods and ice-cream, independent 
of sedentary time and other covariates. However, total sedentary time was only found 
to be negatively associated with the consumption of sports drinks, independent of TV 
viewing time.  
In contrast, findings from the SPEEDY (Sport, Physical activity and Eating 
behaviour: Environmental Determinants in Young people) cohort involving 1,317 
children (aged 9-10 years) from the United Kingdom reported associations between 
total volume of sedentary time and soft drink consumption and savoury snacking.92 
However, the association was not in the expected direction, with boys that were in 
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the highest quartile for soft drink consumption and savoury snack consumption 
spending 14 and 12 minutes less in sedentary time each day, respectively. These 
findings suggests that for children, TV viewing time may be more strongly 
associated with unhealthy dietary behaviours that total sedentary time. However, due 
to the lack of evidence available in adolescents, further research is required to 
investigate whether similar associations exist in an adolescent population.  
Further, findings from experimental studies examining prolonged sitting and ab 
libitum food intake have reported no significant differences in food intake when 
sitting was prolonged or when sitting was interrupted with exercise.52, 93 In a 
randomised study by Saunders et al.,93 20 healthy adolescents (aged 10-14 years) 
participated in the following three conditions on separate days: uninterrupted sitting; 
a day of sitting with light-intensity breaks; and a day of sitting with light- and 
moderate-intensity breaks, followed by a buffet meal in the afternoon. Findings 
showed no significant differences in ab libitum food intake immediately following 
the three experimental conditions (p < 0.25). In a similar study design involving 
uninterrupted sitting and sitting with moderate-intensity walking breaks in children 
(aged 7-11 years), Belcher and colleagues52 found that total energy intake and the 
percentage of kilojoules consumed from carbohydrates, protein and fat did not 
significantly differ between the two experimental conditions. These findings suggest 
that children do not compensate by reducing their food intake when they are exposed 
to a long bout of sedentary behaviour.  
1.4 Summary 
Overall, there appears to be consistent evidence of the relationship between TV 
viewing and obesity, and some evidence to show links between TV viewing with 
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other cardiometabolic risk markers such as insulin resistance, hypertension and 
reduced HDL cholesterol in the adolescent population. It is also well established that 
TV viewing is strongly associated with unhealthy dietary behaviours such as a higher 
energy intake, a high consumption of discretionary snacks and sugar-sweetened 
beverages, fast food intake and low fruit and vegetable consumption. However, due 
to the lack of research, what is less clear, is the evidence involving total volume of 
sedentary time and bouts of sedentary time, both in regards to associations with 
cardiometabolic risk markers and dietary intake.  
The mixed findings between TV viewing and total volume of sedentary time suggest 
that there may be other factors involved that partially explain the stronger 
relationships found between TV viewing and cardiometabolic health. Given that TV 
viewing has been shown to have consistent associations with dietary intake, it is 
worth exploring its role in the relationship between TV viewing and cardiometabolic 
health. However, little is known about whether dietary intake plays a key role when 
total volume or bouts of sedentary time are examined. As such, a systematic review 
of the literature was undertaken by the candidate to summarise the associations 
between various sedentary behaviours and cardiometabolic risk markers in 
adolescents, while either accounting for dietary intake in the analyses or specifically 
conducting mediation analyses. The findings from the systematic review are 
published in Obesity Reviews and is presented in the next Chapter.  
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2 CHAPTER TWO:              
SYSTEMATIC REVIEW 
2.1 Overview 
As previously discussed in Chapter One, the role dietary intake has in the 
relationship between various sedentary behaviours and cardiometabolic health 
outcomes in adolescents is unclear. Therefore, a systematic review was conducted by 
the candidate to identify all studies that have either performed mediation analyses or 
accounted for dietary intake when examining associations between sedentary 
behaviour and cardiometabolic risk factors. The findings from the systematic review 
will be used to identified the gaps within the sedentary behaviour literature on 
adolescents and guide the objectives of the studies included in this thesis.   
The following systematic review has been published as a manuscript in Obesity 
Reviews (Impact Factor: 7.995) and has been formatted according to their 
requirements. The review was prospectively registered with PROSPERO; 
CRD42014010359. The citation for the review is: Fletcher E, Leech R, McNaughton 
SA, Dunstan DW, Lacy K, Salmon J. Is the relationship between sedentary behaviour 
and cardiometabolic health in adolescents independent of dietary intake? A 
systematic review. Obesity Reviews. 2015;16(9): 795-805. The manuscript 
supplementary files can be found directly after the manuscript in Section 2.3. The 
‘Authorship Statement’ for this manuscript and a copy of the ‘Permission Statement 
to Publish’ this manuscript are contained in Appendix B.1 and Appendix B.2, 
respectively.   
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Findings from this review were presented at the International Society of Behavioral 
Nutrition and Physical Activity conference in Edinburgh, Scotland in June 2015 and 
at the 10th Research Degree Symposium held by the School of Exercise and Nutrition 
Sciences, Deakin University in Melbourne, Australia in September 2014 (abstracts 
available in Appendix B.3 and Appendix B.4, respectively).  
The author contributions to this review were as follows, with the candidate 
contributing to all aspects of the manuscript process: Fletcher, McNaughton, 
Dunstan, Lacy and Salmon designed the review; Fletcher and Leech reviewed all 
articles based on the inclusion and exclusion criteria and performed the 
methodological quality assessment of the included studies. Fletcher performed the 
data extraction of all included studies. Fletcher wrote the initial draft of the 
manuscript, whilst Leech, McNaughton, Dunstan, Lacy and Salmon provided critical 
edits and editions. All authors approved the final manuscript.  
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2.3 Manuscript supplementary files  
The supplementary files supporting the manuscript “Is the relationship between 
sedentary behaviour and cardiometabolic health in adolescents independent of 
dietary intake? A systematic review” can be found on the following pages.  
The supplementary files for this manuscript include: 
 Table S1: Description of the characteristics and main findings of studies 
included in the review according to methodological quality  
 Table S2: Overall scores of the methodological quality assessment (ranked 
from highest to lowest) 
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2.4 Summary 
This systematic review identified and summarised the current literature that has 
either performed mediating analyses or accounted for dietary intake when exploring 
the associations between sedentary behaviour and cardiometabolic health markers in 
adolescents. Overall, the majority of studies included in the review found significant 
positive associations between TV viewing, screen time and self-reported total 
sedentary behaviour with markers of adiposity, irrespective of dietary intake. The 
systematic review also highlighted a number of gaps in the literature, in particular, 
the limited number of studies available that have examined relationships between 
sedentary behaviour and cardiometabolic risk markers other than adiposity (e.g. 
blood pressure, glucose, inulin) and the lack of objective measures used to assess 
sedentary time (e.g. accelerometry). The review also highlighted the inconsistency of 
dietary variables examined in the studies. This could be evidence of convergent 
validity, thus making it difficult to assess the overall impact of specific dietary 
factors on the sedentary behaviour and cardiometabolic health relationship. 
Based on the findings from this systematic review, the thesis has been structured 
accordingly to address the identified gaps in the literature. These include: examining 
the relationship between sedentary behaviour and cardiometabolic health in 
adolescents using a combination of self-reported and objective measures of sedentary 
behaviour; investigating key dietary variables that could potentially mediate the 
sedentary behaviour and cardiometabolic health relationship; and examining a 
number of cardiometabolic outcomes, including measures of adiposity (e.g. BMI), 
metabolic syndrome and individual cardiometabolic markers such as glucose. The  
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next Chapter will outline the overall aim of the thesis, the specific objectives and 
hypotheses for each study and highlight the significance of the potential findings of 
this thesis.   
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3 CHAPTER 3: RESEARCH AIMS  
3.1 Aims and objectives 
The overall aim of this thesis is to explore the role of dietary intake in the 
relationship between sedentary behaviour and cardiometabolic risk markers in 
adolescents. Specifically, the thesis has four main objectives that address the gaps 
outlined previously:  
1) Examine the cross-sectional mediating effects of dietary intake on the 
relationships between self-reported sedentary behaviour (e.g. TV viewing), 
BMI and metabolic syndrome in U.S. adolescents (Study 1) 
2) Examine the cross-sectional mediating effects of dietary intake on the 
relationships between objectively-measured sedentary behaviour (e.g. total 
volume and bouts), BMI and metabolic syndrome in U.S. adolescents    
(Study 2) 
3) Examine the cross-sectional and prospective mediating effects of dietary 
intake on the relationship between sedentary behaviour (both self-reported 
and objectively-measured) and BMI in Australian adolescents (Study 3) 
4) In an experimental study, examine the role of dietary intake (high-energy diet 
versus standard-energy diet) on the relationship between uninterrupted sitting, 
sitting with resistance-type activity breaks and postprandial glucose in 
healthy Australian adolescents (Study 4) 
3.2 Hypotheses 
The overarching hypothesis of this thesis is that dietary intake partially mediates the 
relationship between TV viewing and the cardiometabolic health outcomes 
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examined, both cross-sectionally and prospectively. However, it is hypothesised that 
diet would not mediate the relationship when objectively assessed total volume or 
bouts of sedentary time are examined.  
Study 1: Mediating effects of diet on associations of TV viewing, body mass index, 
and metabolic syndrome in adolescents 
Study 1 examined whether five different elements of dietary intake (e.g. total energy 
intake, fruit and vegetable intake, discretionary snacking, sugar-sweetened beverage 
consumption, and dietary quality) mediate the relationships between TV viewing, 
BMI and metabolic syndrome in a large sample of U.S. adolescents. It was 
hypothesised that a lower intake of fruit and vegetables and a lower dietary quality 
score, and higher intakes of total energy, discretionary snacks and sugar-sweetened 
beverages would mediate the positive relationships found between TV viewing with 
BMI, and TV viewing with metabolic syndrome.   
Study 2: Mediating effects of diet on associations of volume and bouts of sedentary 
time and cardiometabolic health in adolescents  
Study 2 examined whether five different elements of dietary intake (e.g. total energy 
intake, discretionary snacking, sugar-sweetened beverage consumption, fruit and 
vegetable intake and dietary quality) mediated the associations between objectively 
assessed total volume and bouts of sedentary time with BMI and metabolic syndrome 
in U.S. adolescents. It was hypothesised that none of the dietary intake variables 
would mediate the positive relationships found between total volume and bouts of 
sedentary time with BMI and metabolic syndrome in U.S. adolescents.    
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Study 3: Cross-sectional and prospective mediating effects of diet on associations 
of sedentary behaviour and body mass index in adolescents  
Study 3 examined the cross-sectional and prospective mediating effects of the 
frequency of consuming discretionary snacks, sugar-sweetened beverages and 
takeaway foods on the association of TV viewing with BMI in Australian 
adolescents. It was hypothesised that the consumption of discretionary snacks, sugar-
sweetened beverages and takeaway foods would partially mediate the cross-sectional 
and prospective associations between TV viewing and BMI, but would not mediate 
the cross-sectional or prospective associations between total volume and bouts of 
sedentary time with BMI.  
Study 4: Effects of breaking up sitting on adolescents’ postprandial glucose after 
consuming meals varying in energy: an experimental trial  
Study 4 examined the impact of uninterrupted sitting versus sitting with resistance-
type activity breaks on adolescents’ postprandial interstitial glucose responses while 
consuming a high-energy diet and standard-energy diet. It was hypothesised that the 
activity breaks would significantly attenuate postprandial glucose compared to 
uninterrupted sitting for both meal conditions, but would have a greater attenuation 
in the high-energy diet condition. 
3.3 Significance  
This thesis presents unique epidemiological data on the role that dietary intake plays 
in the associations between various sedentary behaviours and cardiometabolic risk 
markers. It also presents unique experimental data on the role that dietary intake 
plays on postprandial glucose when sitting is prolonged or when sitting is interrupted 
with postprandial glucose in a controlled setting. The findings from this thesis are 
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important for a number of reasons. Firstly, the findings may help to understand the 
current discrepancies in the adolescent literature. For example, as this thesis 
specifically examines the mediating role of dietary intake in various relationships 
between sedentary behaviour and cardiometabolic health, it will help to understand 
whether the consistent associations observed between TV viewing and BMI are 
driven partially by dietary intake. Further, this thesis explores other cardiometabolic 
risk markers (e.g. metabolic syndrome and postprandial glucose) which will add key 
health evidence in an area that is currently lacking.    
Secondly, the findings may inform future interventions to establish how much focus 
needs to be on changing certain lifestyle behaviours. For example, if dietary intake is 
shown to be a mediator between TV viewing and obesity, targeting a reduction in TV 
viewing time may subsequently reduce energy intake and discretionary snacking. In 
contrast, if diet is not found to play a key role in the sedentary behaviour and health 
relationship, these findings will further highlight the adverse independent effects 
sedentary behaviour has on cardiometabolic health.   
Thirdly, findings from this thesis may help contribute evidence to inform future 
public health guidelines. Currently, the sedentary behaviour guidelines for 
adolescents recommend breaking up long periods of sitting as often as possible (as 
well as recommending screen time being limited ≤ 2 hour/day).1 However, to date, 
there are no guidelines on the ideal time to break up sitting (e.g. before or after 
consuming a main meal) or on how much and how long we should be breaking up 
sitting time. Findings from the experimental study (Study 4) may help to contribute 
novel evidence on whether there are additional health benefits in interrupting sitting 
time when performed after consuming a main meal.  
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Lastly, findings from this thesis contribute further evidence to the sedentary 
behaviour research area, which overall, may have a significant impact at the 
population level. For example, given sedentary behaviour2 and dietary intake3 are 
often established at a young age, any health related behaviour changes that can be 
made during adolescence (whether it be small or large) may reduce the risk of 
developing lifestyle-related chronic health conditions during adulthood. Therefore, 
by preventing or tackling the issue during adolescents, this may have the potential for 
future public health benefits through reducing the burden of disease.  
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4 CHAPTER FOUR: STUDY ONE  
MEDIATING EFFECTS OF DIET ON ASSOCIATIONS OF  
TV VIEWING, BODY MASS INDEX, AND METABOLIC SYNDROME  
IN ADOLESCENTS 
4.1 Overview  
The systematic review in Chapter Two found only one study had specifically used 
mediation analyses to examine the role of dietary intake in the associations between 
TV viewing time and BMI, with the other studies adjusting for dietary intake in a 
regression analyses. The lack of studies performing mediation analyses makes it 
difficult to understand how much, if any, dietary intake is on the explanatory 
pathway between sedentary behaviour and cardiometabolic health. In addition, the 
majority of studies assessed markers of adiposity as the outcome, with very few 
studies examining other cardiometabolic markers. Therefore, the aim of this study 
was to explore the mediating effects of dietary intake on the relationship between TV 
viewing and two key cardiometabolic health outcomes: BMI and metabolic 
syndrome.  
The following study has been published as a manuscript in Obesity Science & 
Practice (a new journal affiliated with the journals Obesity, Pediatric Obesity and 
Obesity Reviews) and has been formatted according to their requirements. The 
citation for the manuscript is: Fletcher EA, McNaughton SA, Lacy KE, Dunstan DW, 
Carson V, Salmon, J. Mediating effects of dietary intake on associations of TV 
viewing, body mass index and metabolic syndrome in adolescents. Obesity Science & 
Practice. 2016;2: 232-240. The manuscript supplementary files can be found directly 
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after the manuscript in Section 4.3. The ‘Authorship Statement’ for this manuscript 
and a copy of the ‘Permission Statement to Publish’ this manuscript are contained in 
Appendix C.1 and Appendix C.2, respectively.   
Findings from this manuscript were presented at the International Society of 
Behavioral Nutrition and Physical Activity conference in Cape Town, South Africa 
in June 2016 and at the 11th Research Degree Symposium held by the School of 
Exercise and Nutrition Sciences, Deakin University in Melbourne, Australia in 
September 2015 (abstracts available in Appendix C.3 and Appendix C.4, 
respectively).  
The author contributions to the manuscript were as follows, with the candidate 
contributing to all aspects of the manuscript process: Fletcher, McNaughton, 
Dunstan, Lacy and Salmon designed the study; Fletcher calculated the main variables 
used in the analyses with guidance from McNaughton in calculating the dietary data; 
Fletcher performed the main analyses with guidance from Carson; Fletcher wrote the 
initial draft of the manuscript; and McNaughton, Lacy, Dunstan, Carson and Salmon 
provided critical edits and editions to the manuscript. All authors approved the final 
manuscript.  
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4.3 Manuscript supplementary files  
The supplementary files supporting the manuscript “Mediating effects of dietary 
intake on associations of TV viewing, body mass index and metabolic syndrome in 
adolescents” can be found on the following pages.  
The supplementary files include: 
 Table S1: Associations between TV viewing (hours/day) with metabolic 
syndrome accounting for mediation effects of fruit and vegetable intake 
 Table S2: Unadjusted associations between TV viewing (hours/day) with 
zBMI accounting for mediating by dietary variables  
 Table S3: Unadjusted associations between TV viewing (hours/day) with 
metabolic syndrome accounting for mediation by dietary variables.  
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4.4 Summary  
Chapter Four examined the mediating role of five dietary variables (e.g. total energy 
intake, fruit and vegetable intake, consumption of discretionary snacks and sugar-
sweetened beverages, and diet quality) of the relationships between TV viewing, 
BMI and metabolic syndrome in U.S. adolescents aged 12-19 years. Overall, positive 
associations were observed between TV viewing and BMI (β= 0.99, p< 0.001), and 
TV viewing and metabolic syndrome (OR= 1.18, p= 0.046). Contrary to the 
candidate’s hypothesis, none of the dietary variables appeared to mediate the 
relationship between TV viewing and BMI. However, sugar-sweetened beverage 
consumption and fruit and vegetable intake partially mediated the relationship 
between TV viewing and metabolic syndrome, explaining 8.7% and 4.1% of the 
relationship, respectively.  
These findings highlight the complex relationships observed between TV viewing, 
dietary intake and cardiometabolic health in adolescents. Further research is needed 
to better understand how much (if any) dietary intake contributes to the overall 
sedentary behaviour and cardiometabolic health relationship.  
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5 CHAPTER FIVE: STUDY TWO  
MEDIATING EFFECTS OF DIET ON ASSOCIATIONS OF VOLUME  
AND BOUTS OF SEDENTARY TIME AND CARDIOMETABOLIC 
HEALTH IN ADOLESCENTS 
5.1 Overview 
Chapter Four examined the mediating effects of dietary intake on the relationships 
between TV viewing, BMI and metabolic syndrome in U.S. adolescents participating 
in the 2003-06 NHANES. Overall, dietary intake did not appear to mediate the TV 
viewing and BMI relationship and very few dietary variables were found to 
significantly mediate the relationship between TV viewing and metabolic syndrome. 
However, the mediating role of dietary intake when an objective measure of 
sedentary time (e.g. total volume and bouts of sedentary time) is examined with 
cardiometabolic outcomes is still unknown. Therefore, the following study will 
explore the mediating effects of dietary intake on the relationships between total 
volume and bouts of sedentary time with BMI and metabolic syndrome. 
The following study has been published as a manuscript in Obesity (Impact factor; 
3.614) and has been formatted according to their requirements. The citation for the 
manuscript is: Fletcher EA, Carson V, McNaughton SA, Dunstan DW, Healy GN, 
Salmon J. Does diet mediate associations of volume and bouts of sedentary time with 
cardiometabolic health indicators in adolescents? Obesity. 2017; 25(3): 591-599. 
The manuscript supplementary files can be found directly after the manuscript in 
Section 5.3. The ‘Authorship Statement’ for this manuscript and a copy of the 
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‘Permission Statement to Publish’ this manuscript are contained in Appendix D.1 
and Appendix D.2, respectively.   
Findings from this manuscript were presented as a poster at the International Society 
of Behavioral Nutrition and Physical Activity conference in Cape Town, South 
Africa in June 2016 (poster available in Appendix D.3). The author contributions to 
the manuscript were as follows, with the candidate contributing to all aspects of the 
manuscript process: Fletcher, McNaughton, Dunstan and Salmon designed the study; 
Fletcher calculated the main variables used in the analyses with statistical guidance 
from Carson for the accelerometer data and McNaughton for the dietary data. 
Fletcher performed the main analyses with guidance from Carson and Healy; 
Fletcher wrote the initial draft of the manuscript; and Carson, McNaughton, Dunstan, 
Healy and Salmon provided critical edits and editions to the manuscript. All authors 
approved the final manuscript.  
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5.3 Manuscript supplementary files  
The supplementary file supporting the manuscript “Does diet mediate associations of 
volume and bouts of sedentary time with cardiometabolic health indicators in 
adolescents?” can be found on the following page.  
The supplementary file includes:  
 Table S1: Comparison between U.S. adolescents included in the zBMI 
analyses versus those excluded.  
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5.4 Summary  
The study presented in Chapter Five was one of the first studies (for any age group) 
to examine the mediating effects of dietary intake in the relationship between 
objectively-assessed sedentary time with BMI and metabolic syndrome. Overall, 
total volume of sedentary time was inversely associated with zBMI (with the 
association attenuating after adjusting for moderate-to-vigorous physical activity) 
and no significant associations were observed between usual sedentary bout duration 
and BMI, and between total volume and usual sedentary bout duration with 
metabolic syndrome.  
Consistent with the candidate’s hypothesis, none of the dietary variables were found 
to mediate the relationship between total volume and bouts of sedentary time with 
BMI or metabolic syndrome. However, the lack of mediation could simply be due to 
the null associations observed between the sedentary variables and cardiometabolic 
outcomes, or due to sedentary time not being matched with dietary intake. Further 
studies using longitudinal and experimental designs are needed to better understand 
the role of dietary intake in the sedentary behaviour and cardiometabolic health 
relationship.  
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6 CHAPTER SIX: STUDY THREE 
CROSS-SECTIONAL AND PROSPECTIVE MEDIATION EFFECTS OF                    
DIET ON THE RELATIONSHIP BETWEEN SEDENTARY BEHAVIOUR 
AND BODY MASS INDEX IN ADOLESCENTS 
6.1 Overview 
Chapters Four and Five examined the cross-sectional mediating effects of dietary 
intake of the relationship between different types of sedentary behaviour (e.g. TV 
viewing, total volume of sedentary time and bouts of sedentary time) with BMI and 
metabolic syndrome in U.S. adolescents. Overall, Chapter Four found only a couple 
of the dietary variables examined (e.g. sugar-sweetened beverage consumption and 
fruit and vegetable intake) partially mediated the relationship between TV viewing 
and metabolic syndrome, whereas Chapter Five found none of the dietary variables 
mediated the relationship between total volume or bouts of sedentary time with either 
BMI or metabolic syndrome.  
Given the limitations of a cross-sectional design (e.g. unable to detect cause and 
effect), the temporal order of associations between sedentary behaviour, dietary 
intake and cardiometabolic health remains unclear, with no study to date exploring 
this mediating relationship in an adolescent population. Therefore, the following 
study was undertaken to explore both the cross-sectional and prospective mediating 
effects of dietary intake on the relationship between sedentary behaviour and BMI in 
an Australian adolescent cohort.  
The following study has been published as a manuscript in BMC Public Health 
(Impact factor: 2.209) and has been formatted according to their requirements. The 
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citation for the manuscript is: Fletcher EA, Lamb K, McNaughton SA, Garnett S, 
Dunstan DW, Baur L, Salmon J.  Cross-sectional and prospective mediating effects 
of dietary intake on the relationship between sedentary behaviour and body mass 
index in adolescents. BMC Public Health. 2017; 17(1):751. The manuscript 
supplementary files can be found directly after the manuscript in Section 6.3. The 
‘Authorship Statement’ for this manuscript and a copy of the ‘Permission Statement 
to Publish’ this manuscript are contained in Appendix E.1 and Appendix E.2, 
respectively. 
The author contributions to the manuscript were as follows, with the candidate 
contributing to all aspects of the manuscript process: Salmon, Baur and Garnett were 
involved as Chief Investigators of the study; Fletcher, McNaughton, Dunstan and 
Salmon designed the current study; Fletcher calculated the main variables used in the 
analyses; Fletcher performed the main analyses with statistical guidance from Lamb; 
Fletcher wrote the initial draft of the manuscript; and Lamb, McNaughton, Garnett, 
Dunstan, Baur and Salmon provided critical edits and editions to the manuscript. All 
authors approved the final manuscript.  
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6.3 Manuscript supplementary files  
The supplementary file supporting the manuscript “Cross-sectional and prospective 
mediating effects of dietary intake on the relationship between sedentary behaviour 
and body mass index in adolescents” can be found on the following pages.  
The supplementary files include:  
 Table S1: Comparison of baseline characteristics of participants included in the 
TV viewing and zBMI analyses compared to those excluded in the analyses   
 Table S2: Comparison of baseline characteristics of participants included in the 
sedentary time and zBMI analyses compared to those excluded in the analyses  
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Table S1: Comparison of mean (95%CI) baseline characteristics of participants 
included in the TV viewing and zBMI analyses (n=259) compared to those excluded in 
the analyses (n=88)  
TV: television; MVPA: moderate-to-vigorous physical activity; freq: frequency 
*Significant p < 0.05 
  
Variables Included 
(n= 259) 
Excluded 
 (n= 88) 
Age, years 12.9 (12.9, 13.0) 13.0 (12.9, 13.0) 
Sex, %    
  Male 47.5 (41.4, 53.6) 56.2 (45.6, 66.3) 
  Female 52.5 (46.4, 58.4) 43.8 (33.7, 54.5) 
Maternal education, %    
  Low  6.9 (4.4, 10.8) 18.6 (11.6, 28.5)* 
  Medium 65.3 (59.2, 70.8) 64.0 (53.1, 73.5) 
  High 27.8 (22.7, 33.6) 17.4 (10.7, 27.2) 
Pubertal status, %   
  Early puberty 19.3 (8.0, 4.6) 0.0 (0.0, 0.0) 
  Mid-pubertal 35.5 (30.0, 41.6) 31.4 (21.5, 43.5) 
  Late-pubertal 35.5 (30.0, 41.6) 44.3 (32.9, 56.3) 
  Post-pubertal 27.0 (21.9, 32.8) 24.3 (15.5, 36.0) 
BMI    
  kg/m2 20.7 (20.2, 21.3) 20.8 (19.9, 21.7) 
  z-score 0.4 (0.3, 0.5) 0.4 (0.2, 0.6) 
  Overweight, % 18.9 (14.6, 24.2) 23.9 (56.4, 76.2) 
  Obese, % 9.2 (6.3, 13.5) 9.1 (4.5, 17.3) 
Sedentary behavior   
  TV viewing (hours/day) 3.2 (3.0, 3.4) 3.0 (2.7, 3.3) 
Dietary intake    
  Discretionary foods (freq/day) 2.4 (2.2, 2.6) 2.3 (2.0, 2.7) 
  Sugar-sweetened beverages (freq/day) 2.1 (1.8, 2.3) 2.0 (14.6, 2.4) 
  Takeaway food (freq/week) 3.4 (3.1, 3.6) 3.5 (2.9, 4.1) 
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Table S2: Comparison of mean (95%CI) baseline characteristics of participants 
included in the sedentary time and zBMI analyses (n=140) compared to those excluded 
in the analyses (n=88)  
TV: television; MVPA: moderate-to-vigorous physical activity; freq: frequency 
*Significant p < 0.05 
 
  
Variables Included 
 (n= 140) 
Excluded 
 (n= 207) 
Age, years 12.9 (12.9, 13.0) 13.0 (12.9, 13.0)* 
Sex, %    
  Male 50.0 (41.7, 58.3) 49.5 (42.7, 56.3) 
  Female 50.0 (41.7, 58.3) 50.5 (43.7, 57.3) 
Maternal education, %    
  Low  5.0 (2.3, 10.2) 13.2 (9.2, 18.6)* 
  Medium 62.8 (54.4, 70.5) 66.3 (59.5, 72.5) 
  High 32.1 (24.8, 40.4) 20.5 (15.5, 26.6) 
Pubertal status, %   
  Early puberty 14.3 (35.1, 56.2) 1.6 (0.5, 4.8) 
  Mid-pubertal 41.4 (33.5, 50.0) 29.6 (23.5, 36.6) 
  Late-pubertal 35.0 (27.5, 43.4) 39.2 (32.4, 46.4) 
  Post-pubertal 22.1 (16.0, 30.0) 29.6 (23.5, 36.6) 
BMI    
  kg/m2 20.3 (19.7, 21.0) 21.0 (20.4, 21.6) 
  z-score 0.3 (0.1, 0.5) 0.5 (0.3, 0.6) 
  Overweight, % 13.6 (8.8, 20.4) 24.6 (19.2, 31.0)* 
  Obese, % 9.2 (5.4, 15.4) 9.2 (5.9, 14.0) 
Sedentary behavior   
  Total sedentary time (hours/day) 6.1 (6.0, 6.2) 5.8 (5.3, 6.2) 
  Average sedentary bouts (mins/day) 6.6 (6.5, 6.6) 6.6 (6.5, 6.6) 
MVPA (mins/day) 48.2 (35.0, 61.4)  40.8 (34.2, 47.4) 
Dietary intake    
  Discretionary foods (freq/day) 2.4 (2.1, 2.7) 2.3 (2.1, 2.5) 
  Sugar-sweetened beverages (freq/day) 1.9 (1.6, 2.2) 2.2 (1.9, 2.4) 
  Takeaway food (freq/week) 3.2 (2.8, 3.6) 3.5 (3.1, 3.9) 
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6.4 Summary  
The study presented in Chapter Six is the first study to examine both the cross-
sectional and prospective mediating effects of dietary intake on the association 
between various sedentary behaviours (e.g. TV viewing, total volume and bouts of 
sedentary time) and BMI in a cohort of Australian adolescents. Overall, no 
significant cross-sectional or prospective associations were observed for any of the 
sedentary behaviour variables and BMI.  
In contrast to the candidate’s hypothesis, none of the dietary variables (e.g. frequency 
of consumption of discretionary foods, sugar-sweetened beverages and takeaway 
foods) mediated the relationship between TV viewing and BMI, either cross-
sectionally and prospectively, nor did any of the dietary variables mediate the 
relationship when total volume and bouts of sedentary time were examined. These 
findings, along with the findings presented in Chapter Four and Five, highlight the 
complex relationships observed between TV viewing, sedentary time, dietary intake 
and cardiometabolic health indicators. Further research using experimental designs 
may allow a better understanding of the role dietary intake may play in the sedentary 
behaviour and cardiometabolic health relationship.  
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7 CHAPTER SEVEN: STUDY FOUR  
EFFECTS OF BREAKING UP SITTING ON ADOLESCENTS’ POSTPRANDIAL 
GLUCOSE AFTER CONSUMING MEALS VARYING IN ENERGY:  
AN EXPERIMENTAL TRIAL 
7.1 Overview 
Chapters Four, Five and Six have examined the cross-sectional and prospective 
mediating effects of dietary intake of the relationship between different types of 
sedentary behaviours (e.g. TV viewing, total sedentary time and bouts of sedentary 
time) with BMI and metabolic syndrome in U.S. and Australian adolescent cohorts. 
These observational findings provided mixed findings into the mediating effects of 
dietary intake in the sedentary behaviour and cardiometabolic health relationship. For 
example, while Chapter Four found some of the dietary variables to partially mediate 
the relationship between TV viewing and metabolic syndrome, Chapters Five and 
Six found no mediating effects with any of the dietary variables in the relationship 
between TV viewing, total volume and bouts of sedentary time with either BMI or 
metabolic syndrome.  
Due to the observational design of the studies presented in Chapters Four to Six, it 
remains unclear how dietary intake interacts with sedentary behaviour and the 
independent and combined effects it has with cardiometabolic risk markers. 
Therefore, the following study was conducted to explore the effects that dietary 
intake had on cardiometabolic risk markers when sitting was prolonged or when 
sitting was interrupted. The findings from this study complement the findings from 
the observational studies and provide novel evidence on the role that dietary intake 
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plays in the sedentary behaviour and cardiometabolic health relationship in a 
controlled, clinical setting.  
The following study has been published as a manuscript in the Journal of Science 
and Medicine in Sport (Impact factor; 3.756) and has been formatted according to 
their requirements. The citation for the manuscript is: Fletcher EA, Salmon J, 
McNaughton SA, Orellana L, Wadley GD, Bruce C, Dempsey PC, Lacy KE, Dunstan 
DW. Effects of breaking up sitting on adolescents’ postprandial glucose after 
consuming meals varying in energy: a cross-over randomised trial. Journal of 
Science and Medicine in Sport (2017) (in press). The manuscript supplementary files 
can be found directly after the manuscript in Section 7.3. The ‘Authorship Statement’ 
for this manuscript and a copy of the ‘Permission Statement to Publish’ this 
manuscript are contained in Appendix F.1 and Appendix F.2, respectively.   
Findings from this article were presented at the International Society for Physical 
Activity and Health in Bangkok, Thailand in November 2016 (abstract available in 
Appendix F.3) and at the NHMRC Centre for Research Excellent in sitting and 
chronic conditions symposium at Baker Heart and Diabetes Institute, Melbourne in 
December 2016.   
For the following study, the candidate was actively involved in all aspects of the 
study design and data collection process, as well as the manuscript process. A 
specific list of the candidate’s contributions to the study are outlined below: 
Contributions to the study design and data collection  
 Substantially contributed to the design and protocol of the study 
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 Drafted and submitted the National Ethics Application Form to Deakin 
University Human Research Ethics Committee (Ethics approval in Appendix 
F.4) 
 Drafted the Plain Language Statement and Consent form used in the study 
(Appendix F.5) 
 Developed all study materials including the main surveys (Appendix F.6 and 
Appendix F.7), 1-day food diary (Appendix F.8), checklist survey (Appendix 
F.9, food intake records (Appendix F.10), study instructions for participants 
and study protocol.   
 Designed the recruitment materials including flyers, brochures and 
advertising materials (Appendix F.11). 
 Actively recruited all adolescent participants into the study. 
 Scheduled, attended and collected the data for all research visits at the 
participant’s home and at the laboratory 
 Obtained accreditation to safely fit and remove the continuous glucose 
monitoring systems to participants  
 Created and distributed individualised report cards for all participants 
(Appendix F.12) 
 Processed the data collected, including the continuous glucose monitoring 
system data 
Contributions to the manuscript 
The candidate contributed to all aspects of the manuscript process, with the author 
contributions to the manuscript as follows: Fletcher, Salmon, McNaughton, Bruce, 
Wadley, Lacy and Dunstan conceived and designed the study; Fletcher collected the 
data and calculated the main variables used in the analyses; Fletcher and Orellana 
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performed the main analyses; Fletcher wrote the initial draft of the manuscript; and 
Fletcher, Salmon, McNaughton, Bruce, Wadley, Dempsey, Orellana, Lacy and 
Dunstan provided critical edits to the manuscript. All authors approved the final 
manuscript.   
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7.2 Manuscript 
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7.3 Manuscript supplementary files  
The supplementary file supporting the manuscript “Effects of breaking up sitting on 
adolescents’ postprandial glucose after consuming meals varying in energy: a cross-
over randomised trial” can be found on the following pages.  
The supplementary files include:  
 Statistical analyses (extended)  
 Post-hoc power analyses and results  
 Table S1: Contents of the high-energy and standard-energy diets provided to 
participants  
 Table S2: Baseline characteristics of participants  
 Figure S1: Participant recruitment flow diagram 
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Statistical analyses (extended)  
Conditions were originally allocated in balanced sequences. However, attrition due 
to participant drop out and/or not following the diet pre-requisites for the day before 
rendered only 13 participants with complete data. In this sample, treatments were not 
equally represented at each period, therefore treatment and period effects (i.e. the 
effect of the order at which the participant received the condition) could have been 
confounded. Therefore, the period effect was ascertained under a design in which 
treatment and period effects were not confounded using the following approach. 
From the 13 participants with complete data, all subsets of 8 participants whose 
treatment allocation still corresponded to two different Latin Square structures (each 
treatment occurs only once within each sequence and once within each period) were 
selected, tallying 36 subsets. For each participant, linear mixed models (LMM) 
including period (4 levels), condition (4 levels) and the interaction period-condition 
as fixed effects and participant as a random effect were performed. These models 
were conducted for the primary outcome (iAUC) and secondary outcome (AUC 
total) across the three time periods (e.g. first meal, second meal and entire period). In 
all models, the period effect and interaction effect were not significant (p > 0.20 for 
all outcomes and periods considered). Thus, although the treatments were not 
originally equally represented from the 13 participants included in the study, the non-
significant effect found from the period and interaction analyses suggests there were 
no confounding treatment or period effects.  
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Post-hoc power analyses and results  
Post-hoc power calculations were performed using the data collected in this study on 
total AUC. Using a four-period, four-sequence cross-over design, a sample size of 13 
achieves 38% (76%) power at a 5% significance level when the absolute difference 
between the two treatment means is at 50 (80) and the within-subject standard 
deviation is 105 (estimated from our data). 
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Table S1: Contents of the high-energy and standard-energy diets provided to 
participants  
 High-energy diet† Standard-energy diet† 
Kilojoules, (%EER) 4,244 (39.0)   2,485 (23.0) 
Macronutrient, g (%) 
    Carbohydrates  
    Fat 
    Protein 
 
139.7 (55) 
34.3 (30) 
36.2 (15) 
 
68.0 (53) 
22.0 (31) 
25.7 (16) 
Contents  250g pizza, 15g 
cheese,  
53g chocolate bar, 
350ml caffeine-free 
soda 
1 x chicken, salad sandwich 
(85g wholemeal bread, 35g 
shaved chicken, 45g tomato, 
20g spinach, 40g avocado), 
100g low-fat yoghurt, 50g 
banana, 70g apple, 15g 
almonds, 350ml water 
 
EER: Estimated energy requirement 
†Participants received two meals of either the high-energy diet or standard-energy 
diet. The first meal was consumed at baseline (0-hour), and the second meal 
(exactly the same as the first meal) three hours after finishing the first meal.  
  
Chapter Seven: Study Four 
 
134 
 
Table S2: Baseline characteristics of participants  
 Total (n = 13) 
Mean ± SD 
Age (years) 16.4 ± 1.3 
Sex 
    Males, n (%) 
    Females, n (%) 
 
5 (39) 
8 (62) 
Pubertal stage 
    Pubertal, n (%) 
    Post-pubertal, n (%) 
 
6 (46) 
7 (54) 
Cardiometabolic components 
    BMI, kg/m2 
    Waist circumference, cm 
    Systolic BP, mm Hg 
    Diastolic BP, mm Hg 
    Fasting glucose, mmol/L†     
 
20.6 ± 2.5 
70.5 ± 6.4 
107.5 ± 8.3 
60.0 ± 8.1 
4.8 ± 0.3 
Habitual activity  
    Total sedentary time, min/day 
    MVPA, min/day 
 
428.1 ± 143.6 
43.1 ± 44.1 
Dietary intake†† 
    Energy intake, kj 
    Carbohydrate, % 
    Protein, % 
    Fat, % 
 
7012.5 ± 1090.1 
56.3 ± 5.0 
16.4 ± 5.5 
27.3 ± 3.3 
Results are expressed as mean±SD unless otherwise indicated.  
†Based on the average fasting glucose across all four conditions.  
††Based on the average dietary intake from 4 x 1-day food diaries.  
MVPA: moderate-to-vigorous physical activity; kj: kilojoules 
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                         Figure S1: Participant recruitment flow diagram 
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7.4 Summary  
The experimental study presented in Chapter Seven is the first study in the world (for 
any age group) to examine the combined effects of dietary intake and sitting on 
postprandial glucose using a continuous glucose monitoring system. Overall, the 
study found compared to the uninterrupted sitting conditions, the activity breaks 
conditions significantly attenuated postprandial glucose responses for both the high-
energy and standard-energy diets. These results provide the first international 
insights that interrupting sitting regardless of the energy content of the meal, can 
reduce the impact of prolonged sitting on postprandial glucose in adolescents. 
In addition to the findings presented in the manuscript in Section 7.2, the candidate 
also performed additional analyses on the thirteen participants who completed the 
experimental trial and complied to the study protocol (results of the additional 
analyses found in Appendix F.13 and Appendix F.14). Briefly, the candidate 
explored the effects of the sitting and diet conditions had on the first glucose peak 
response (e.g. the glucose response following the first meal, starting at baseline 
fasting glucose and finishing when the glucose returned back to baseline). Results 
show that compared to the uninterrupted sitting condition, the breaks conditions 
elicited a 0.7 mmol/L (95%CI 0.3-1.0), or 29%, lower first peak glucose response 
(Appendix F.13). These results concur with the findings in the manuscript, that 
breaking up sitting with resistance-type activity breaks is important in lowering 
postprandial glucose response, in particularly, the first glucose peak response.  
In addition, the candidate also explored differences in the percentage of meals 
consumed between males and female participants. The results showed significant 
differences in sex (p=0.019), with male participants consuming a higher percentage 
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of the high-energy diet (100, 98.4-100) [median, IQR range] compared to the 
standard-energy diet (97.5, 76.2-100); whereas, the female participants consumed a 
higher percentage of the standard-energy diet (87.7, 79.0-100) compared to the high-
energy diet (76.5, 63.4-88.5) (Appendix F.14). These findings have informed a larger 
clinical trial involving similar conditions; that being, the diets provided to 
participants are tailored by sex.  
 
 
 
 
Appendices 
 
138 | P a g e  
 
 
 
 
CHAPTER EIGHT: DISCUSSION 
 
 
 
 
 
CHAPTER EIGHT: 
DISCUSSION 
Appendices 
 
 
139 
 
8 CHAPTER EIGHT: DISCUSSION 
8.1 Summary of main findings 
As outlined in the Introduction, TV viewing, but not total volume or bouts of 
sedentary time, is consistently associated with cardiometabolic health in adolescents. 
Dietary intake could partially explain why TV viewing is consistently related to 
cardiometabolic health outcomes, however, very few studies have examined this. 
Therefore, this thesis aimed to examine the role of dietary intake in the relationship 
between various sedentary behaviours (e.g. TV viewing, total volume and bouts of 
sedentary time) and key cardiometabolic health indicators (e.g. BMI, metabolic 
syndrome and postprandial glucose) in adolescents.   
A multidisciplinary approach was undertaken to achieve this aim. Four studies were 
conducted using two existing cross-sectional and longitudinal datasets and original 
data collected from a cross-over experimental trial. Overall, despite some significant 
mediation effects observed for Study 1a, the combined findings from the four studies 
suggest that dietary intake does not play a major role in the relationship between 
sedentary behaviour and cardiometabolic health in adolescents. Study 1 found that 
sugar-sweetened beverage consumption and fruit and vegetable intake only partially 
mediated the relationship between TV viewing and metabolic syndrome, with no  
_________________________________ 
a Study 1 – Chapter Four: Mediating effects of diet on associations of TV viewing, body mass index 
and metabolic syndrome in adolescents 
b Study 2 – Chapter Five: Mediating effects of diet on associations of volume and bouts of sedentary 
time and cardiometabolic health in adolescents 
c Study 3 – Chapter Six: Cross-sectional and prospective mediation effects of diet on associations 
between sedentary behaviour and body mass index in adolescents 
d Study 4 – Chapter Seven: Effects of breaking up sitting on adolescents’ postprandial glucose after 
consuming meals varying in energy: an experimental trial 
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significant mediation effects observed for the relationship between TV viewing and 
BMI. In addition, neither Study 2b and Study 3c found that any of the dietary 
variables examined mediated the relationships between objectively-measured total 
sedentary time or bouts of sedentary time and BMI or metabolic syndrome, cross-
sectionally (Studies 2 and 3) or prospectively (Study 3). Lastly, the findings from the 
experimental trial (Study 4d) found compared to the prolonged sitting conditions, 
when sitting was interrupted with resistance-type activity breaks, the postprandial 
glucose response was significantly lower for both diet conditions (i.e. high-energy 
and standard-energy diets).  
In the following sections, the key findings of the studies reported in Chapters Four to 
Seven will be discussed in relation to the current literature, as well as the overall 
strengths and limitations of this thesis. Thereafter, the public health implications and 
opportunities, and directions for future research will be discussed.   
8.2 General discussion 
8.2.1 The role of diet in the relationship between sedentary behaviour and 
cardiometabolic risk factors 
TV viewing and cardiometabolic risk factors 
In contrast to the thesis hypothesis that the consistent associations observed between 
TV viewing and BMI were due to an increase in dietary intake or the displacement of 
healthy dietary behaviours, this thesis found five elements of dietary intake did not 
mediate the relationship between TV viewing and BMI, either cross-sectionally or 
prospectively. This is consistent with a previous study in adolescents that reported 
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TV snacking and junk food consumption were not significant mediators of the TV 
viewing and BMI relationship.1  
However, when examining the role of dietary intake in the TV viewing and BMI 
relationship in other age groups, such as pre-school aged children2, 3 and young 
adults,4 dietary intake appears to play a significant role. Fuller-Tyszkiewicz and 
colleagues examined the mediating role of dietary intake in the TV viewing and BMI 
relationship in 9,064 Australian pre-school aged (4-5 years) children. Significant and 
positive cross-sectional and prospective associations between children’s TV viewing 
and BMI were found, with discretionary food intake (e.g. hot chips, potato chips and 
biscuits) and sugar-sweetened beverage consumption (e.g. juice and soft drink) 
partially mediating the prospective association.2 Similar results have also been 
observed in cross-sectional studies involving middle-aged adults, where food and 
beverages consumed whilst watching TV and snack food consumption partially 
mediated the positive relationship found between TV viewing and obesity.4, 5  
Despite the findings in Chapter Four and Six that five elements of dietary intake did 
not have a significant mediating effect in the TV viewing and BMI relationship, 
findings from Study 1, but not Study 3, demonstrated that the consumption of sugar-
sweetened beverages and fruit and vegetable intake did play a small, but significant, 
role in the TV viewing and metabolic syndrome relationship. To summarise, Study 1 
found the significant and positive relationship between TV viewing and metabolic 
syndrome in U.S. adolescents was partially explained by the consumption of sugar-
sweetened beverages (4.1%) and fruit and vegetable intake (8.7%). Although no 
other study to date (in any age group) has specifically examined the mediating role of 
diet in the TV viewing and metabolic syndrome relationship, cross-sectional studies 
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in adults have found the relationship between TV viewing time and metabolic 
syndrome to be independent of dietary intake.6, 7 For example, findings from the 
Australian Diabetes, Obesity and Lifestyle study (AusDiab) involving 5,682 adults 
(aged ≥ 35 years), showed that high TV viewing time significantly increased the risk 
of metabolic syndrome, even after adjusting for high snack food consumption.7 
Although the mediating role of dietary intake cannot be determined in this study, the 
findings suggest that the relationship between TV viewing and metabolic syndrome 
remain significant even when taking into account high snack food consumption.   
There could be a number of reasons for the mixed findings observed between the 
studies included in the current thesis and previous studies that have examined dietary 
intake in the TV viewing, BMI and metabolic syndrome relationships. Firstly, the 
mixed findings could be due to the different population and age groups examined. 
For example, previous studies have found mediating dietary effects in young children 
and young adults, but not in adolescents. This could be due to measurement error, 
where studies have found adolescents are often less interested, less motivated and 
less cooperative when reporting their dietary intake compared to younger children 
and older adults, thus increasing reporting error.8 In addition, other studies have 
found adolescents under-report time spent in sedentary behaviors more so than 
adults, with weak correlations observed between reporting sedentary behaviour 
versus accelerometry-measured sedentary behaviour in adolescents (Spearman r = 
0.14; 95% CI 0.05, 0.23).9  
Secondly, issues relating to the survey measures cannot be discounted, since both the 
studies in Chapters Four and Six did not measure TV viewing concurrently with 
dietary intake (e.g. TV viewing data and dietary data were reported for different 
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days). This makes it difficult to assess how much of daily TV viewing time was also 
spent engaging in eating occasions. Thus, other indirect behavioural mechanisms10 
such as adolescents who watch large amounts of TV and also have a poor dietary 
intake (but are not necessarily consuming this whilst watching TV) could explain 
some of the associations observed between TV viewing and adverse cardiometabolic 
health.  
Lastly, there are numerous dietary variables that could be examined as potential 
mediators between the TV viewing and cardiometabolic health relationship. 
Although the current thesis examined a variety of dietary variables (e.g. total energy 
intake, fruit and vegetable intake, frequency of consumption and intakes of sugar-
sweetened beverages and discretionary foods, and dietary quality score), there are 
other key dietary variables, or combinations of dietary variables, that may also be 
important. For example, snacking whilst watching TV, frequency of consuming junk 
food and an unhealthy dietary score have also been associated with TV viewing11 
and/or adverse cardiometabolic health outcomes12 and, thus, could potentially 
mediate TV viewing and cardiometabolic health relationships.  
Total volume and bouts of sedentary time and cardiometabolic risk factors 
Chapters Five and Six presented evidence of the role of diet in the relationships 
between objectively-measured total volume of sedentary time and bouts of sedentary 
time with BMI and metabolic syndrome. Overall, both studies found that none of the 
dietary variables played a significant mediating role in the relationships between total 
volume or bouts of sedentary time with either BMI or metabolic syndrome, when 
considered cross-sectionally or prospectively. As mentioned previously, these null 
findings could be a reflection of the sedentary time data not being collected for the 
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same timeframe as the dietary intake data. For example, the 2 x 24 hour dietary 
recalls (Study 2) and the food frequency questionnaire (Study 3) were performed on 
different days to when the accelerometers were worn to capture sedentary time. This 
makes is difficult to assess how much of the daily sedentary time was also spent 
engaging in eating occasions. 
Currently, there is very limited evidence on the role of dietary intake in the 
associations between objectively-measured sedentary time and cardiometabolic risk 
markers in adolescents. Although there are many studies in adolescents that have 
measured the associations between total volume or bouts of sedentary time and 
various cardiometabolic health indicators,13-16 the majority of these studies have not 
considered the role of dietary intake. Of the limited studies available in youth that 
have measured all three types of data (e.g. accelerometry-measured sedentary time, 
dietary intake and health indictors), all have adjusted for dietary intake in the 
regression analyses17-20 and not necessarily provided both the unadjusted and 
adjusted results when controlling for dietary intake.17, 19, 20  
For example, Carson and colleagues examined the associations between sedentary 
time with various cardiometabolic risk factors (e.g. waist circumference, systolic 
blood pressure, low HDL-cholesterol and C-reactive protein) in 2,527 U.S. youth 
aged 6-19 years.17 They found no significant associations between total volume or 
bouts of sedentary time and any of the cardiometabolic risk factors after adjusting for 
dietary percentages of fat and saturated fat, cholesterol and sodium consumed as well 
as other key covariates. However, by only presenting the adjusted results, it makes it 
difficult to determine the mediating role, or even the independent contributions, that 
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dietary intake may have had on the sedentary behaviour and cardiometabolic health 
relationship.  
In contrast, Gabel and colleges examined both the unadjusted and adjusted results in 
the relationships between the frequency of sedentary bouts and various 
cardiometabolic markers in 164 Australian children aged 7-10 years.18 Although the 
frequency of sedentary bouts (lasting between 5-10 minutes) was positively 
associated with C-reactive protein (a marker of inflammation), after adjusting for 
energy density (defined as the frequency of consuming energy‐dense foods and 
drinks), the relationship was no longer significant. This suggests that dietary intake 
may have mediated or been a key driver in the significant association observed.  
Given the lack of evidence examining objectively-measured sedentary time, dietary 
intake and cardiometabolic risk markers together in youth, further studies are needed 
to confirm the role of dietary intake in the objectively-measured sedentary time and 
cardiometabolic health relationship. Specific recommendations for future studies 
examining objectively-measured sedentary time are provided later in the discussion, 
as the last section of the role of dietary intake in the relationship between 
prolonged/interrupted sitting and cardiometabolic health will now be outlined.  
Experimental evidence of the acute effects of breaking up prolonged sitting on 
cardiometabolic markers  
A key limitation of the studies in Chapters Four, Five and Six was that TV viewing 
and objectively-measured sedentary time were not assessed concurrently with dietary 
intake. However, the findings from the experimental cross-over study from Chapter 
Seven provided concurrent data on sedentary time and dietary intake, as well as 
postprandial glucose data. This not only helps to fill the gaps in the observational 
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findings, but provides key insights in understanding the role of dietary intake in real-
time. Overall, the findings from Chapter Seven were similar to the observational 
findings in Chapters Four to Six, where dietary intake did not appear to play a major 
role in the relationships between prolonged or interrupted sitting time and 
postprandial glucose.  
Although many studies have shown that interrupting sitting time is beneficial for 
postprandial glucose and insulin,21-25 the experimental trial presented in Chapter 
Seven is the first study to show interrupting sitting time has a beneficial impact on 
positive postprandial glucose, regardless of whether the participants are consuming 
an ‘unhealthy’ diet (e.g. high-energy) or ‘healthy’ diet (e.g. standard-energy). 
However, it is important to note, the activity breaks were only beneficial in lowering 
positive postprandial glucose, and not when total postprandial glucose area under the 
curve was examined. As previously mentioned in Chapter Seven, these mixed 
findings between the two glucose metrics are most likely attributable to the different 
techniques involved in their calculation. Thus, it is important for future studies 
examining consecutive meals across the day to carefully consider which glucose 
parameters are examined.  
The experimental trial in Chapter Seven also found that, relative to the standard-
energy diet, there was a 36% higher positive glucose area under the curve response 
after consuming the first high-energy meal, but not the second. This suggests that 
although interrupting sitting is important for lowering postprandial glucose, dietary 
intake is the major determinant of glucose and energy metabolism across the day. In 
addition, since only the first high-energy meal significantly increased the glucose 
area under the curve compared to the second high-energy meal, this suggests the first 
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meal of the day (i.e. breakfast) may be a more important time to break up sitting 
compared to after consuming other main meals (e.g. lunch and dinner).  
Although no other study to date has specifically explored how changing the energy 
content of the diet influences cardiometabolic markers when sitting is prolonged or 
when sitting is interrupted with resistance-type activity breaks, similar study designs 
in adults have explored other dietary factors. Recently, in a randomised cross-over 
trial, the effects of the glycaemic index of a diet (high versus low) on postprandial 
glucose and insulin responses when 4-hours of sitting was interrupted with moderate-
intensity activity were explored in 14 male adults (mean ± SD age 22.1 ± 1.2 
years).26 Compared to the sitting condition, breaking up prolonged sitting following 
either a high or low glycaemic index breakfast significantly attenuated the 
postprandial glucose responses by 36% and 30%, respectively. This suggests that 
breaking up sitting is beneficial regardless of the glycaemic index of the diet 
consumed.  
In addition, another study by Bailey and colleagues23 also explored the differences in 
ab libitum energy intake, and appetite and gut hormone concentrations when 5 hours 
of sitting was broken up with light-intensity or moderate-intensity walking in 13 
healthy female adults. The authors found no significant differences in ad libitum 
energy intake between conditions when sitting was broken up with light or moderate-
intensity walking and that breaking up sitting time did not affect either appetite or 
gut hormone concentrations. These initial findings suggest that in an acute setting, 
breaking up sitting time may not influence appetite or gut hormone, thus may not 
promote an increase in energy intake.  
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Interestingly to note, it appears the intensity, or type of activity breaks performed 
during the interrupted sitting conditions had similar beneficial effects in lowering 
postprandial glucose responses. For example, even though the experimental trial in 
Chapter Seven involved 2-minute resistance-type activity breaks performed every 18 
minutes (e.g. calf raises, body squats, knee raises) and the study conducted by Bailey 
et al26 involved 2-minute moderate-intensity activity breaks performed every 20 
minutes (e.g more aerobic-based), both studies found the activity breaks had 
beneficial effects on lowering postprandial glucose, irrespective of the dietary 
condition. Similar findings have also been observed in other experimental trials in 
overweight adults21 and adults with type 2 diabetes.22 Although these studies did not 
manipulate the dietary condition (e.g. all participants consumed the same 
standardised diet for all conditions), the studies found light-intensity21, moderate-
intensity,21 and resistance-type activity breaks22 had beneficial effects in lowering 
postprandial glucose. Collectively, the findings suggest that interrupting sedentary 
time with any form of activity can significantly attenuate acute postprandial glucose 
responses.  
In addition, substitution analyses in adults have also shown that replacing sedentary 
time with light and moderate physical activity reduces mortality risk.27, 28 For 
example, Fishman et al28 found replacing 30 minutes of sedentary time with light-
intensity activity or moderate-intensity activity could result in a 20-51% reduction in 
mortality risk in American adults aged 50 to 79 years. Further studies are needed 
using substation analyses techniques in studies involving adolescents to investigate 
whether these beneficial health outcomes are evident in a younger population.  
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Summary  
In summary, despite having observed some significant cross-sectional mediation 
effects between TV viewing and metabolic syndrome, the combined findings from 
the observational studies and experimental trial suggest that the dietary variables 
measured in this thesis do not appear to play a major role in the sedentary behaviour 
and cardiometabolic risk factor relationships examined. However, when comparing 
these findings to previous studies, it appears the literature is mixed on whether 
dietary intake does play a key role. Further research using mediation analyses to 
determine the contribution dietary intake has in the sedentary behaviour and 
cardiometabolic health relationship is urgently needed. Additionally, given that very 
few studies in youth have concurrently measured both sedentary behaviour and 
dietary intake using objective (e.g. accelerometry) or gold-standard measures (e.g. 
24-hour recalls), further studies are also needed in this area (see Section 8.5 for 
further discussion).  
8.2.2 Associations between various sedentary behaviours and cardiometabolic 
health outcomes 
In addition to examining the role of dietary intake in the sedentary behaviour and 
cardiometabolic health relationship, the current thesis also explored the independent 
associations between various ‘types’, or measures, of sedentary behaviours (e.g. TV 
viewing, and total volume and bouts of sedentary time) and cardiometabolic risk 
markers in adolescents. Overall, the findings from the thesis were mixed, indicating 
that the associations were dependent on the sedentary behaviour measure used. For 
example, this thesis observed significant, positive relationships when examining TV 
viewing time with BMI and metabolic syndrome in adolescents, however, when 
examining total and bouts of sedentary time, no significant associations were found 
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with either BMI or metabolic syndrome, after adjusting for moderate-to-vigorous 
physical activity. The mixed findings from this thesis concur with the literature 
presented in Chapter One, where more consistent relationships are often observed 
when examining TV viewing time with health indicators, compared to examining 
overall sedentary time in a young population group.29, 30  
To date, only one other study has specifically explored the differences in associations 
between TV viewing and overall sedentary time with cardiometabolic health in 
youth.31 Findings from The 2008 Health Survey for England involving 4,469 
children (aged 5-15 years) found TV viewing time, but not objectively-measured 
total sedentary time, was consistently associated with higher levels of obesity; every 
hour spent watching TV increased the risk of obesity by 42%.31 It was hypothesised 
that the differences in findings between TV viewing and total sedentary time could 
be attributed to an increase in high-calorie snack food consumption when watching 
TV. However, the findings from this thesis suggest dietary intake may not play a 
significant mediating role in the relationship between TV viewing and BMI. Thus, 
further studies are warranted in order to better understand the role of dietary intake in 
the sedentary behaviour and cardiometabolic relationship.  
8.3 Strengths and limitations  
The current thesis has a number of key strengths and limitations that need to be 
considered. Firstly, the primary strength of this thesis is that it included analyses 
using large observational datasets from two countries and a novel four-treatment, 
cross-over trial. This allowed the candidate to examine the associations at a 
population level, both cross-sectionally and prospectively, as well as the combined 
effects of dietary intake and sitting on postprandial glucose in a controlled acute 
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setting. Secondly, the experimental trial in Chapter Seven is the first in the world (for 
any age group) to examine four different experimental conditions for sitting and 
dietary intake and to show interrupting sitting can reduce postprandial glucose 
responses in adolescents after consuming a high-energy or standard-energy diet. It is 
also one of the first studies to examine the effects of ‘real food’ (as opposed to a 
standardised drink) on postprandial glucose collected every 5 minutes using a 
continuous glucose monitoring system.   
Other strengths of this thesis include examining a combination of self-reported and 
objective measures of sedentary behaviour. This allowed the candidate to explore 
whether the differences in associations between various sedentary behaviours and 
cardiometabolic risk markers could partially be explained by dietary intake. It also 
allowed the candidate to explore the unique contributions that the various sedentary 
behaviours had with both dietary intake and cardiometabolic risk markers. The 
unique contributions are of particular importance, given that the literature on 
objectively-measured total sedentary time and bouts of sedentary time is an 
understudied area in the pediatric population. A range of dietary variables were also 
assessed using different dietary measures such as the ‘gold-standard’ 2 x 24 hour 
dietary recalls and a food frequency questionnaire. This allowed the quantity and 
quality of dietary intake to be examined and also the frequency of food and beverage 
consumption over a specific time period. Lastly, all of the observational studies 
included in this thesis controlled for a variety of well-known confounders, including 
age, sex, moderate-to-vigorous physical activity, socio-economic status, ethnicity, 
and pubertal status. Controlling for confounding variables improves the robustness of 
the results reported in this thesis. 
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This thesis also has a number of limitations. A key limitation is that the data 
presented in Chapter Four, Five and Six were collected more than a decade ago, thus 
the sedentary behaviour and dietary intakes observed may not be reflective of the 
behaviours evident today. For example, advancing technology over the past decade 
has introduced watching TV on many portable devices (e.g. tablets, phones and 
laptops)32; thus, ‘TV viewing’ a decade ago would be not be the same as ‘TV 
viewing’ today. In addition, the consumption of some new sugar-sweetened 
beverages (e.g. energy drinks and sport drinks) has increased over the last decade,33 
and these now-popular sugar-sweetened beverages are underrepresented in the 
studies included the current thesis. Another key limitation is the measurement error 
associated with self-reporting dietary intake. This is a common and often 
unavoidable limitation for observational studies when assessing dietary intake, 
especially total energy intake.34 Thus, under-reporting or misreporting of dietary 
intake for the studies presented in Chapter Four to Six may have occurred, and 
potentially biased the results.  
Another potential limitation is the aggregation of cardiometabolic risk markers into 
‘metabolic syndrome’ in Chapters Four and Five. This can be problematic for an 
adolescent population as certain cardiometabolic risk markers, such as insulin, lipids 
and blood pressure, naturally change during adolescence due to pubertal 
development.35 Thus, an adolescence going through puberty can be misclassified as 
having the metabolic syndrome. To minimise this, Chapters Four and Five used a 
metabolic syndrome diagnostic criteria specific for adolescents (Appendix A)36 and 
controlled for pubertal status in the analyses. Another limitation of using the 
metabolic syndrome in adolescents is examining associations with small variability. 
In Chapters Four and Five, adolescents that were classified as having metabolic 
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syndrome ranged from 6.7-9.1%. Due to the small variability in data, this can 
preclude significant associations to be observed.  
Other limitations of this thesis include only examining data from U.S. or Australian 
adolescents aged 12-19 years, thus the findings may not be generalisable to other 
population or age groups. Further, although the studies presented in Chapters Four 
and Five involved a large representative sample, the studies had cross-sectional 
designs which limited the ability to determine a causal relationship. Lastly, the 
experimental study in Chapter Seven was limited by a small sample size and did not 
measure other glycaemic markers such as insulin.    
8.4 Public health implications 
Individually and collectively, the results from this thesis not only make an important 
contribution to the sedentary behaviour literature in youth, but provide important 
public health messages. Although it was hypothesised that the consistent associations 
observed between TV viewing and BMI may be partially explained by dietary intake, 
the findings from this thesis showed that the dietary variables examined did not play 
a major mediating role. This suggests that TV viewing and dietary intake may be two 
independent contributors to the increased prevalence of obesity and metabolic 
syndrome in adolescents. Future public health strategies, which independently target 
reductions in TV viewing and improvements in dietary intake, may have a greater 
impact on adolescent health than strategies which target these behaviours combined.  
In addition, the findings presented in Chapter Seven showed promising results that 
interrupting sitting time with resistance-type activities after consuming either the 
high-energy or standard-energy diet reduces postprandial glucose in healthy-weight 
adolescents. Although further trials with larger samples are needed to replicate these 
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findings, the benefits relating to the resistance-type activity breaks following both 
diets suggest the timing of interrupting sitting may be an important factor to 
consider. Currently, the sedentary behaviour guidelines for adolescents recommend 
breaking up long periods of sitting as often as possible (as well as recommending 
limiting screen time to ≤ 2 hour/day). However, there are no specific guidelines on 
‘safe’ levels of sitting time. Although further evidence is needed, future sedentary 
behaviour guidelines could potentially include specific details about the timing of 
interrupting sitting (e.g. following main meals) and the frequency of breaks (e.g. 
every 18-minutes, 30-minutes, etc.) in order to maximise the health benefits of 
interrupting sitting time on postprandial glucose.  
8.5 Directions for future research 
The findings from this thesis have highlighted a number of potential areas for future 
research. These have been briefly discussed in the included manuscripts, however, 
more detailed recommendations are outlined below specifically for observational 
studies, experimental studies and interventions.   
8.5.1 Observational studies  
As previously discussed, the mixed findings reported in this thesis and in previous 
literature on whether dietary intake plays a mediating role in the sedentary behaviour 
and cardiometabolic health relationship could be reflective of issues relating to 
measurement error – where the sedentary behaviour measure is not matched with the 
dietary measure. Assessing these behaviours separately makes it difficult to assess 
how much of the sedentary behaviour spent throughout the day is also spent 
engaging in eating occasions. Future studies may benefit from using ‘time-use 
surveys’ where participants are asked to record and account all of their time (in short 
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episodes) over the course of one or more days, and thus may provide useful 
information on a range of activities and whether food/beverages were also 
consumed.37  
Emerging technologies that concurrently assess time spent in sedentary behaviour 
and dietary intake could also provide new insights into the mediating effects of 
dietary intake. For example, wearable cameras38, 39 and smartphone apps40-43 have 
become popular tools for measuring sedentary behaviour and dietary intake in real 
time and are able to capture these behaviours simultaneously. Further, Real-Time 
Locating Systems (RTLS: a relatively new device that automatically tracks the 
location of people in real time, including indoors) may provide important 
information about the location of participants in their natural environments (e.g. at 
home in the lounge room, in the backyard playing, or at school in the classroom, 
etc.).44 The RTLS may also provide important information about the location of 
activities performed if used in conjunction with physical activity devices. 
In addition, since modern technology has introduced watching TV on many portable 
devices, further studies are needed which assess the various ways adolescents watch 
TV (e.g. at home watching TV versus watching TV using a smartphone or tablet at 
home or whilst on the move) and assessing other popular screen-based activities (e.g. 
sedentary video games). Further to this, capturing the amount of time spent using 
multiple devices at once (e.g. playing games on a phone while watching TV) will 
help to understand whether using multiple devices at once has similar associations 
with cardiometabolic health risks and dietary intake when compared to examining 
singular sedentary behaviours. Additionally, there are many other types of sedentary 
behaviours (e.g. using a computer, playing sedentary video games) that could be 
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explored with both dietary intake and cardiometabolic health that the current thesis 
could not examine. Lastly, examining the characteristics of individuals (e.g. sex, 
socioeconomic status, BMI) who are more likely to overeat or exhibit unhealthy 
dietary patterns in response to sedentary behaviour activities may help provide 
important information in tailoring interventions specific to individuals.  
8.5.2 Experimental studies 
The findings outlined in Chapter Seven suggest interrupting sitting time is beneficial 
for postprandial glucose even after consuming a high-energy or standard-energy diet 
in healthy adolescents aged 14-17 years. However, due to the small sample size, the 
study was not powered to detect interaction effects between sitting and diet, but the 
study provided important pilot data (see Section 7.3) for performing post-hoc 
analyses to determine the sample sizes that would be needed for future trials to be 
able to detect interaction effects between conditions. Additionally, it is also unclear 
whether similar findings would be observed in younger children, or whether the 
effects are exaggerated in youth who are overweight or obese. Further, due to the 
experimental trial being a pilot, only interstitial postprandial glucose was assessed 
via a continuous glucose monitoring system. Future studies using a continuous 
measure of glucose should also consider measuring key hormones such as plasma 
insulin and C-peptide in order to examine potential mechanisms related to glucose-
insulin kinetics. Lastly, the experimental trial specifically focused on total energy 
intake whilst keeping the percentage of macronutrients similar for both diet 
conditions. However, there are many other key aspects of dietary intake that could 
also be examined in future trials, including the glycaemic index of the diet, changing 
the proportion of macronutrient intake (e.g. low carbohydrate versus high 
carbohydrate) and examining the size of the meal (whole meals versus snacks) that 
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could provide new insights in the sedentary behaviour and cardiometabolic health 
relationship.   
8.5.3 Interventions 
Following on from experimental trials, a potential avenue for future interventions at 
schools could be to encourage students to break up their sedentary time after 
consuming their main meals (e.g. by encouraging active play during their lunch time 
break and standing up frequently in class after lunch). In addition, the findings from 
the experimental trial in Chapter Seven found the first meal of the day (i.e. breakfast) 
was the biggest contributor in terms of daily glycaemic responses compared to the 
other meals consumed (i.e. lunch). Thus, encouraging students to break up their 
sedentary time soon after consuming breakfast (e.g. by walking to school as opposed 
to being driven in a car, or during school class time) may have additional beneficial 
effects on postprandial glucose.  
8.6 Conclusion 
In conclusion, the findings of this thesis suggest dietary intake does not play a key 
role in the sedentary behaviour and cardiometabolic health relationship. This is 
evident from the observational studies, where only one out of the three studies found 
diet to play a small significant mediating role in the TV viewing and metabolic 
syndrome relationship, but was not found to have any mediating effects in the 
relationship between TV viewing and BMI, and total/bouts of sedentary time with 
BMI and metabolic syndrome. In addition, findings from the experimental study also 
confirmed the observational studies as interrupting sitting time significantly reduced 
postprandial glucose irrespective of the energy content of the diet. These findings 
provide novel evidence that the significant associations observed between TV 
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viewing and adverse cardiometabolic health may not be influenced by dietary intake, 
and that sedentary behaviour may be an independent risk factor for cardiometabolic 
risk factors in adolescents.  
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Appendix A.1 Measurement of metabolic syndrome according to the 
International Diabetes Federation criteria1 
Table 1: Age-specific metabolic syndrome† cut-points and corresponding IDF percentiles for males 
and females aged 12-19 years1 
Age 
(years) 
WC (cm) 
(83rd) 
BP (mm Hg) HDL-C 
(mmol/l) 
(26th) 
TG 
(mmol/l) 
(89th) 
Glucose 
(mmol/l) SBP (92nd) DBP (97th) 
Males       
12 85.1 121 76 1.13 1.44 5.6 
13 87.0 123 78 1.10 1.48 5.6 
14 88.9 125 79 1.07 1.52 5.6 
15 90.5 126 81 1.04 1.56 5.6 
16 91.8 128 82 1.03 1.59 5.6 
17 92.7 128 83 1.03 1.62 5.6 
18 93.4 129 84 1.03 1.65 5.6 
19 93.8 130 85 1.03 1.68 5.6 
 
Females      
12 72.5 121 80 1.25 1.60 5.6 
13 74.2 123 82 1.25 1.53 5.6 
14 75.7 125 83 1.26 1.46 5.6 
15 76.8 126 84 1.26 1.44 5.6 
16 77.7 128 84 1.27 1.46 5.6 
17 78.5 128 85 1.27 1.53 5.6 
18 79.2 129 85 1.28 1.61 5.6 
19 79.8 130 85 1.29 1.68 5.6 
†Metabolic syndrome defined as having elevated waist circumference (WC) and 2 of the 
remaining 4 criteria. Note that elevated WC can be assumed if body mass index values above 
thresholds presented in Table 2. WC= Waist circumference, BP= Blood pressure, TG= 
triglycerides, IDF= International Diabetes Federation.  
 
 
Table 2:  Age-specific Body Mass Index Cut-Points (kg/m2) and corresponding percentiles for 
males and females1 
Age (years) Males (89th) Females (84th) 
12 26.62 26.28 
13 27.42 26.96 
14 28.15 27.54 
15 28.77 28.05 
16 29.27 28.54 
17 29.63 29.02 
18 29.97 29.83 
19 30.00 30.00 
 
Reference: 1 Jolliffe CJ, Janssen I. Development of age-specific adolescent metabolic syndrome 
criteria that are linked to the Adult Treatment Panel III and International Diabetes Federation criteria. 
J Am Coll Cardiol 2007 49(8):891-898.   
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Appendix B.3 Conference abstract: International Society of Behavioral 
Nutrition and Physical Activity, Edinburgh, Scotland (2015)  
IS THE RELATIONSHIP BETWEEN SEDENTARY BEHAVIOUR AND 
 CARDIOMETABOLIC HEALTH IN ADOLESCENTS INDEPENDENT OF DIETARY 
INTAKE? A SYSTEMATIC REVIEW 
 
Elly Fletcher1, Rebecca Leech1, Sarah McNaughton1, David Dunstan2, 
Kathleen Lacy1, and Jo Salmon1 
 
1Centre for Physical Activity and Nutrition Research, School of Exercise and Nutrition 
Sciences, Deakin University, Melbourne, Victoria, Australia. 2 Baker IDI Heart and Diabetes 
Institute, Melbourne, Victoria, Australia.  
Objective: The aim of this systematic review was to explore whether the associations 
between sedentary behaviour and cardiometabolic risk markers are independent of dietary 
intake in adolescents aged 12-18 years.  
Methods: Online databases (Medline, Global Health, PsycInfo, Web of Science and 
Embase) and personal libraries were searched for peer-reviewed original research articles 
published in English before March 2014. Eligibility criteria were: 1) participants aged 12-18 
years; 2) included a measure of sedentary behaviour as an independent variable; 3) 
controlled for dietary intake (defined as intakes of energy, macronutrients, food or 
beverages) in the analyses; and 4) assessed at least one cardiometabolic risk marker as the 
main outcome (i.e. adiposity, blood pressure, insulin sensitivity, glucose tolerance or lipid 
levels) or cardiometabolic conditions. Two reviewers independently screened the full-text for 
eligibility and rated the methodological quality of the studies.  
Results: Twenty-five studies met the inclusion criteria, with all studies considered to be of 
high quality (quality scores ranged from 60-84%). From the 21 studies examining sedentary 
behaviours and adiposity, the majority found significant associations between television 
viewing, total screen time and total self-reported sedentary time with markers of adiposity, 
independent of dietary intake. However, no consistent pattern in dietary variables was 
identified. Three studies examined associations between sedentary behaviour and 
cardiometabolic markers other than adiposity, with no significant associations observed 
between total screen time and blood pressure. Due to a lack of studies, there was insufficient 
evidence of associations between sedentary time and the remaining cardiometabolic markers 
or metabolic syndrome.  
Conclusions: This systematic review found consistent evidence that television viewing, total 
screen time and self-reported sedentary time are independently associated with adiposity in 
adolescents, irrespective of dietary intake. However, due to the variability of dietary 
variables that were adjusted for in the analyses, no clear pattern was identified. Additionally, 
no studies used objective measures to assess sedentary time and there was limited evidence 
to draw conclusions regarding other cardiometabolic risk markers. Thus, future work is 
needed to understand the role of dietary intake in the associations between screen time 
behaviours, objectively-measured sedentary time and cardiometabolic risk markers in 
adolescents.    
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Appendix B.4 Symposium abstract: School of Exercise and Nutrition Sciences 
10th Research Degree Symposium, Melbourne, Australia (2014) 
SEDENTARY BEHAVIOUR, DIET & CARDIOMETABOLIC HEALTH IN 
ADOLESCENTS:  
A SYSTEMATIC REVIEW  
Fletcher E1, Leech R1, McNaughton S1, Dunstan D2, Lacy K1 and Salmon J1 
1Deakin University, Melbourne, VIC,  
2Baker IDI Heart and Diabetes Institute, Melbourne, VIC.  
 
Background/Aim: There is strong evidence supporting the association between screen time 
and obesity in adolescents. However, there are mixed findings when overall sedentary time is 
examined, with some evidence suggesting dietary intake mediates the relationship between 
screen time and adverse health outcomes. Therefore, the purpose of this systematic review is 
to explore the role dietary intake has in the relationship between sedentary behaviour and 
cardiometabolic risk markers in adolescents aged 12-18 years.  
Methods: Online databases (Medline, Global Health, PsycInfo, Web of Science and 
Embase) and personal libraries were searched for peer-reviewed original research articles 
published in English before March 2014. Eligibility criteria were: 1) participants aged 12-18 
years; 2) included a measure of sedentary behaviour as an independent variable; 3) 
controlled for dietary intake (defined as food and beverages consumed) in the analyses; and 
4) assessed at least one cardiometabolic risk marker as the main outcome (i.e. 
overweight/obesity; waist circumference; blood pressure; insulin sensitivity; glucose 
tolerance or lipid levels). Two reviewers independently screened the full-text for eligibility 
and rated the methodological quality of the studies.  
Results/Conclusions: Twenty-six studies met the inclusion criteria. The findings from each 
study will be summarised according to whether sedentary behaviour was significantly 
associated with cardiometabolic risk markers, and if so, whether or not the associations were 
independent of dietary intake. The findings will provide an understanding of the role dietary 
intake plays as a potential mediator between sedentary behaviour and adverse health 
outcomes, and whether findings differ according to how sedentary behaviour is measured.   
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Appendix C.2 Copy of permission statement to publish paper 
The manuscript in Chapter Four,“Mediating effects of dietary intake on associations 
of TV viewing, body mass index and metabolic syndrome in adolescents” has been 
made publicly available. Therefore, a copy of a permission statement to publish the 
paper is not required. Please see evidence below.  
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Appendix C.3 Conference abstract: International Society of Behavioral 
Nutrition and Physical Activity, Cape Town, South Africa (2016) 
 
MEDIATING EFFECTS OF DIET ON THE RELATIONSHIP BETWEEN  
TV VIEWING WITH BMI AND METABOLIC SYNDROME IN ADOLESCENTS 
 
Elly Fletcher1, Sarah A. McNaughton1, Valerie Carson2, David Dunstan1,3,  
Kathleen Lacy1, and Jo Salmon1 
 
1Centre for Physical Activity and Nutrition Research, Deakin University. 2Faculty of 
Physical Education and Recreation, University of Alberta. 3Baker Heart and Diabetes 
Institute  
Purpose: To determine the mediating effects of dietary intake on the relationship 
between television (TV) viewing, BMI and the metabolic syndrome (metS) among a 
large representative sample of adolescents in the United States.  
Methods: The analysis was based on adolescents (12-19 years) participating in the 
2003-06 US National Health and Nutrition Examination Survey. BMI z-score was 
calculated using age- and sex-adjusted height and weight, and metS was calculated 
using age- and sex-adjusted waist circumference, systolic/diastolic blood pressure, 
non-high-density lipoprotein cholesterol, triglycerides and plasma glucose. Hours 
(per day) spent watching TV were measured via a self-reported questionnaire. 
Dietary intake was assessed using two 24-hour recalls. A series of mediation 
analyses was conducted examining five dietary mediators (total energy intake, fruit 
and vegetable consumption, discretionary snack consumption, sugar-sweetened 
beverage (SSB) consumption and diet quality) on the relationship between TV 
viewing with BMI and the metS.   
Results/findings: In total 3,161 participants had complete BMI profiles, and 1,379 
participants had complete metS data. Approximately half of the sample were males, 
38% were overweight or obese and 9.1% were classified as having the metS. Overall, 
TV viewing was significantly related to BMI (β=0.099, p<0.001), and remained 
significant after adjusting for each dietary mediators. However, no significant 
mediation was found with any of the dietary mediators. TV viewing was also 
significantly associated with the metS (β=0.163, p=0.46), and remained significant 
after adjusting for total energy intake and discretionary snack consumption. Fruit and 
vegetable and SSB consumption were found to be significant mediators, explaining 
4.1% and 8.7% of the relationship between TV viewing and metS, respectively.  
Conclusions: Contrary to our hypothesis, this study found that five aspects of dietary 
intake were not a significant mediator in the TV viewing and BMI relationship. 
However, consumptions of fruit and vegetables and SSB were found to be significant 
mediators in the TV viewing and metS relationship. This highlights the complexity 
of the relationships between TV viewing, dietary intake and cardiometabolic health 
outcomes. Further research is needed using longitudinal and experimental designs, 
and examining whether other sedentary behaviours have similar findings.    
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Appendix C.4 Symposium abstract: School of Exercise and Nutrition Sciences 
11th Research Degree Symposium, Melbourne, Australia (2015) 
TELVISION VIEWING & CARDIOMETABOLIC HEALTH  
IN ADOLESCENTS: THE ROLE OF DIET  
 
Fletcher E1, McNaughton S1, Lacy K1, Dunstan D2, Carson V3, and Salmon J1 
 
1Centre for Physical Activity and Nutrition Research, Deakin University, Melbourne, 
2Baker IDI Heart and Diabetes Institute, Melbourne 3Faculty of Physical Education 
and Recreation, University of Alberta, Canada 
 
Background/Aim: Currently, 25% of adolescents from Western countries are either 
overweight or obese. Moreover, 10% are classified as having the metabolic 
syndrome (MetS) – a condition characterised by a collection of risk factors that 
increase a person’s chance of developing type 2 diabetes and cardiovascular disease. 
Television viewing (TV) has shown to have positive associations with both obesity 
and the MetS. However, dietary intake may play an important mediating role in this 
relationship. Therefore, the aim of this study is to determine the mediating role of 
dietary intake in the relationship between TV with obesity and the MetS among 
adolescents. 
 
Methods: The results are based on adolescents (12-19 years) participating in the 
National Health and Nutrition Examination Survey (NHANES) in 2005/06. BMI z-
score was calculated using age- and sex-adjusted height and weight, and MetS was 
calculated using age- and sex-adjusted waist circumference, systolic and diastolic 
blood pressure, non-high-density lipoprotein cholesterol, triglycerides and glucose. 
Hours spent in TV were measured via a self-reported questionnaire. Dietary intake 
was assessed using 2 x 24-hour recalls. A series of mediation analyses were 
conducted examining various dietary mediators (e.g. total energy intake, fruit and 
vegetable consumption, discretionary snacks, sugar-sweetened beverages and dietary 
quality) in the relationship between TV with BMI z-score and MetS.   
 
Results/Conclusion: Of the 880 adolescents examined, 38% were overweight or 
obese and 10% had the MetS. The findings from the mediation analyses will help 
inform whether dietary intake plays an important role in the relationship between TV 
and BMI and the MetS
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Appendix D.2 Copy of permission statement to publish paper 
A copy of a permission statement to publish the manuscript in Chapter Five,“Does 
diet mediate associations of volume and bouts of sedentary time with 
cardiometabolic health indicators in adolescents” is provided below.  
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Appendix D.3 Conference poster: International Society of Behavioral Nutrition 
and Physical Activity, Cape Town, South Africa (2016) 
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other than the executive 
author 
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Sydney University Discipline of 
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Electronic information 
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The manuscript in Chapter Six “Cross-sectional and prospective mediating effects of 
dietary intake on the relationship between sedentary behaviour and body mass index 
in adolescents” has been made publicly available. Therefore, a copy of a permission 
statement to publish the paper is not required. Please see evidence below.  
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Appendix F.2 Copy of permission statement to publish paper 
The manuscript in Chapter Seven“Effects of breaking up sitting on adolescents’ 
postprandial glucose after consuming meals varying in energy: an experimental 
trial” has been made publicly available. Therefore, a copy of a permission statement 
to publish the paper is not required. Please see evidence below.  
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Appendix F.3 Conference abstract: International Society for Physical Activity 
and Health, Bangkok, Thailand (2016) 
EFFECTS OF BREAKING UP SITTING ON ADOLESCENTS’ POSTPRANDIAL 
GLUCOSE AFTER CONSUMING MEALS VARYING IN ENERGY:  
A CROSS-OVER RANDOMISED TRIAL  
 
Elly A. Fletcher1, Jo Salmon1, Sarah A. McNaughton1, Liliana Orellana2,  
Glenn D. Wadley1, Clinton Bruce1, Paddy C. Dempsey3, Kathleen E. Lacy1, and 
David W. Dunstan1,3 
 
1Institute for Physical Activity and Nutrition, Deakin University. 2Biostatistics Unit, 
Deakin University, 3Baker Heart and Diabetes Institute.   
 
Background: Breaking up prolonged sitting may be beneficial for glucose 
metabolism in adolescents. However, the impact of dietary intake on the postprandial 
glucose response while engaged in sustained versus interrupted sitting is unclear. 
This study aimed to the impact of uninterrupted sitting versus sitting with activity 
breaks on adolescents’ postprandial glucose responses while consuming meals 
varying in energy (high-energy diet versus standard-energy diet). 
 
Methods: Thirteen healthy participants (16.4±1.3 years) completed a four-treatment 
cross-over trial: 1) uninterrupted sitting + high-energy diet (meals consumed at 0 and 
3h; consistent for each condition); 2) sitting with breaks + high-energy diet; 3) 
uninterrupted sitting + standard-energy diet; and 4) sitting with breaks + standard-
energy diet. A Continuous Glucose Monitoring system (CGM) recorded interstitial 
glucose concentrations every five minutes. Linear mixed models examined 
differences in glucose positive incremental area under the curve (iAUC) and total AUC 
between the sitting and diet conditions for the first meal, second meal and entire trial period. 
Results: Compared to the uninterrupted sitting conditions, the breaks condition 
elicited a 36.0 mmol/L/h (95%CI 6.6-65.5) and 35.9 mmol/L/h (95%CI 6.6-65.5) 
lower iAUC response after the first and second meal, respectively, but not for the 
entire trial period or for total AUC. Compared to the standard-energy diet, the high-
energy diet elicited a 55.0 mmol/L/h (95%CI 25.8-84.2) and 75.7 mmol/L/h (95%CI 
8.6-142.7) higher iAUC response after the first meal and entire trial, respectively. 
Similar response to the high-energy diet were observed for total AUC.  
Conclusions: According to iAUC, interrupting sitting had a significant effect on 
lowering postprandial glucose for both dietary conditions, however, it was no longer 
significant when examining total AUC. Larger studies are needed to confirm these 
findings.  
Clinical Trial Registration Number: ACTRN12615001145594.  
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Appendix F.5 Parent Plain Language Statement and Consent Form 
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Appendix F.6 Survey for female participants 
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Appendix F.7 Survey for male participants 
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Appendix F.8 Participant 1-day food diary 
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Appendix F.9 Participant checklist  
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Appendix F.10 Food intake record (pre- and post-weight) 
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Appendix F.11 Recruitment flyers and advertising 
 
Example of flyer placed around Eastern suburbs of Melbourne.  
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Advertisement in a Melbourne local newspaper (“The Leader”), published 12 
November 2015 
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Appendix F.12 Example of individualised report card given to participants
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Appendix F.13: Additional analyses - First peak glucose responses across four conditions 
 
Table 1: First glucose peak responses across the four experimental conditions  
 Experimental conditions  
 
Effect (P-value)  
 High-energy diet  + sitting 
High-energy diet  
+ breaks 
Standard-energy diet 
+ sitting 
Standard-energy diet 
+ breaks 
 Diet Breaks 
Glucose (mmol/L)        
  First peak glucose  7.7 ± 0.3 7.0 ± 0.2 6.6 ± 0.3 6.1 ± 0.1  <0.001 <0.001 
  Difference from FG  2.7 ± 0.2 1.9 ± 0.2 1.8 ± 0.2 1.2 ± 0.2  <0.001 <0.001 
Time (mins)        
  Time-to-peak glucose^ 35.3 ± 13.4 54.0 ± 13.3 38.3 ± 13.9 50.8 ± 13.5  0.992 0.275 
Analyses comparing the diet conditions, and sitting/breaks conditions. Mean and SE estimated under a linear mixed model including period, diet, sitting and 
% of meals consumed as fixed effects and participant as a random effect.  
^Includes the allocated 20 minutes that participants had to consume the meal.  
FG: fasting glucose 
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Appendix F.14: Additional analyses - Differences in percentage of meals 
consumed (high-energy versus standard-energy diets) between male and female 
participants  
Table 2: Differences^ in percentage of meals consumed (high-energy versus standard-
energy diets) between male and female participants  
 
% high-energy diet 
Median (IQR range) 
% standard-energy diet 
Median (IQR range) 
Males 100 (98.4 – 100) 97.5 (76.2 – 100) 
Females 76.5 (63.4 – 88.5) 87.7 (79.0 – 100) 
 
 
^ Differences between percentage of high-energy diet and standard-energy diet consumed 
across the entire trial compared between sexes using a Kruskal-Wallis test.  
Significant difference observed between percentage of diets consumed by sex (p = 0.019).  
 
